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The first National Conference on Land Classification held in the 
United States was sponsored by the University of Missouri at 
Columbia, Missouri, October 10-12, 1940. The original idea for the 
Conference was conceived by Dr. Conrad H. Hammar, Professor 
of Agricultural Economics in the College of Agriculture of the 
University of Missouri. Arrangements were formulated by a com-
mittee in the College of Agriculture composed of Dr. C. H . Hammar, 
Chairman; Professor 0 . R. Johnson, Head, Department of Agricultural 
Economics; Dr. W. A. Albrecht, Head, Department of Soils; Professor 
H. H. Krusekopf, Professor of Soils; and Dr. C. E. Lively , Head, 
Department of Rural Sociology. This committee was assisted, par-
ticularly in matters relating to the program, by an advisory com-
mittee in Washington, D. C., members of which were selected to 
represent the various agencies of the Federal Government that had 
evidenced interest in land classification. This committee was com-
posed of Dr. E. C. Johnson, Farm Credit Administration, Chairman; 
Dr. Charles E. Kellogg, Bureau of Plant Industry; Dr. Carleton P . 
Barnes, Office of Land Use Coordination, all of the U. S. Department 
of Agriculture; and Mr. John F. Deeds, Geological Survey, U. S. 
bepartment of the Interior. 
FOREWORD 
Abundant evidence that there is much misunderstanding of the 
nature of land resources in Missouri and much misuse of land be-
cause of such misunderstanding is accruing. In one county recently 
surveyed by the Missouri College of Agriculture 16 per cent of the 
farmsteads had been abandoned between 1916 and 1938. Worse still, 
40 per cent of the farms in areas of poorer land in the same county 
had been abandoned. In still another study it was found that 51,500 
acres of land in an Ozark county were being plowed and cropped, 
although not more than 17,200 acres of land in the county were 
suitable to cropping. Arable agriculture in the county was over-
extended by 200 per cent: Still other studies have revealed how little 
Missouri farmers have understood how to control erosion and how 
to plan for the maintenance of the fertility and productiveness of 
their farmlands. 
It is not difficult to discover why these misunderstandings have 
arisen. The entire state was settled and taken up for farming with 
virtually no preliminary classification of the land. Farmers and other 
land users had no reliable sources of information about the nature 
of their land during the settlement period. Not until the Missouri 
Colle.ge of Agriculture and the United States Department of Agri-
culture began their soil survey and land classification work in the 
early years of the present century was a beginning made in provid-
ing such information. Only after much study, indeed, did the 
scientists of these two institutions realize how very complex was 
the land of Missouri and of the United States. Here was an obvious 
gap in badly needed scientific information that only a careful classi-
fication of land could bridge. 
Because land is complex, because it is used for many purposes 
and in many ways, because land use has so many varying effects 
on the land, and because there are so many ways of approaching 
the problem, it is not easy to know just how to begin and carry out 
land classification work in the State. Furthermore, throughout the 
United States many land classification projects were in progress and 
a survey of the methods employed revealed great differences among 
them. It occurred, therefore, to those most interested in land classi-
fication in the Missouri College of Agriculture that a National Con-
ference on Land Classification could be designed to bring the many 
persons engaged in land classification with their many viewpoints 
into open forum for the discussion of common problems. The results 
of such discussion, it was reasoned. should be very valuable for 
future programs of land classification not only in Missouri but for 
all the United States. 
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The conference was, therefore, called and the results have been 
quite up to expectations. Up-to-date material on land classification 
was brought together by scientists from states as far apart as Con-
necticut and California, Minnesota and Arkansas. So valuable were 
the results of the conference that a permanent record of the dis-
cussions was considered almost a necessity . Because of the value of 
such a record to scientists engaged in land classification work, the 
decision was made that the proceedings of the conference should be 
published in full as a bullet in of the Missouri Agricultural Experi-
ment Station. 
CONRAD H. HAMMAR, 
Chairman of Committee. 
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INTRODUCTION 
Rural land classification has been a subject of growing interest 
since the World War, and especially with the increased attention of 
the National. state, and local governments to problems of rural 
land-use during the past 15 years. But, of course, land classification 
began in the United States many years ago. Some sort of land classi-
fication has been used to guide the disposal and use of the vast pub-
lic domain since the adoption of the early ordinances that laid the 
groundwork for transferring the public land to private owners and 
users. Much of this work was very general, needed to be. It was 
not until near the end of the last century that serious attempts at 
rural land classification on the basis of sound scientific principles 
were made. At this time soil surveys, topographic mapping, economic 
analyses of production, and similar activities began to furnish materi-
als upon which scientific methods could be based. Of equal importance 
was the beginning of a more socially significant policy in regard to 
land, especially with the establishment of public forests and recla-
mation projects. 
During the recent thirties the programs of old and new agencies 
of government became increasingly dependent upon land classifica-
tion for guidance. Differences and inconsistencies between various 
types of rural land classification became increasingly apparent ,and 
many new proposals were put forward. Much of the material at 
hand was excellent, but needed synthesis and interpretation. With 
the increasing awareness on the part of people generally that the 
rapid expansion of the total area of agricultural land is over, public 
support for rural land-use planning has increased. 
Planning involves preparation for the future upon the basis of 
existing knowledge. To use this knowledge and apply it, there must 
be some manner of classification. Since there are many kinds of land 
used by many kinds of people in many different ways, the problem 
of understanding and classifying our experience and the results of 
research is large and complicated. Not only that, but in land-use 
planning today people are rarely starting "from scratch" but rather 
modifying, through combinations of private efforts and public poli-
cies, the uses of lands that are now supporting families. Those con-
cerned with land classification and land-use planning must take 
cognizance of the problems of the people, and recognize that con-
sideration of alternative opportunities and aspirations of the people 
are basic to the establishment of practicable directions of adjustment 
in land use. 
The papers contained in this publication are those presented at 
the first national conference dealing with land classification at which 
representatives of several professional groups participated. In ad-
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dition to contributions by economists, soil scientists, geographers, 
engineers, and foresters, there were papers by specialists in grazing 
problems, recreational lands, and public land policy. A few dealt 
with limited problems of technique, others with the broader impli-
cations of land classification in relationship to public policy. Thus 
we may find in these papers discussion of rural land classification 
from many points of view. 
Many workers in the field of rural land classification felt that 
sufficient experience was available within the separate disciplines to 
permit further steps toward their integration. For land classification 
to have its maximum social significance and usefulness such integra-
tion is essential. This recognition, by technical workers and admin-
istrators alike, has partly grown out of their experience and, in part, 
is simply a reflection of the modern trends of science toward general-
ization and toward examination of the borderline fields. Perhaps the 
greatest question in the minds of the conferees was: How can the 
results of workers in the different fields and several agencies be 
pooled? 
Although some of the speakers did not address their remarks 
exclusively to the subject of the conference, collectively they cov-
ered the entire field. In fact, many felt that the conference covered 
too wide a field. But at least it was helpful to have those wnh dif-
ferent experiences lay before one another the results of their separate 
thinking. Problems of techniques received less emphasis, perhaps, 
than they probably should in any subsequent conferences now that 
the field as a whole has been explored. 
The subject matter of papers might be classified roughly under 
four principal headings: (1) the materials of land classification, (2) 
the methods of land classifications, (3) the objectives of land classifi-
cation, and (4) the frame of reference within which land classification 
is done. Most speakers had something to say on two or more of these 
subjects, and it is not always clear when one is being discussed and 
when another. Yet this confusion, or lack of clarity, gives one an 
initial impression of greater disagreement among speakers than a 
closer analysis reveals. 
Although readers will find disagreements, and even more incon-
sistencies, among the several speakers, it must be recalled that the 
field is a comparatively new one, calling for the synthesis of materials 
obtained from many lines of evidence, from many disciplines. In-
deed this mutual recognition by members of the conference, of the 
essential interest of many kinds of specialists in land classification, 
represents a great advance over simllar discussions during the twen-
ties. The earlier assumptions that land classification "belonged" to 
some one field. such as economics, soil science, or geography have 
disappeared. 
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If any of the conferees expected a sharp cleavage of thought 
between the physical' scientists on the one hand and the social scien-
tists on the other. they were disappointed. Little time was wasted 
in the futile "either-or" argument about whether physical or economic 
and social factors should serve as the basis for classification. There 
is lack of understanding and agreement in regard to the relative 
importance of the two in different situations and in regard to their 
synthesis for a final result; but there were no more consistent dif-
ferences of opinion between soil scientists and economists, for ex-
ample, than there were differences between individuals in either field 
of subject matter. The solving of the difficulties of relationships 
between disciplines likely depends upon better understanding on 
the part of each specialist of the nature, usefulness, and limitations 
of the data of other specialists, as well as those of his own. 
In fact, many of the differences of opinion are due to a lack 
of common definitions, and are easily resolved during informal dis-
cussions that "get down to cases." Perhaps the most important dif-
ference lies in the concept of land classification itself. Should "land 
classification" be construed to mean only such classification as is 
made on the basis of physical facts, the inherent characteristics of the 
land itself, or might the term be broadened to take into consideration 
other factors which likewise influence the usefulness of land in the 
wealth-getting and wealth-using activities of man? Some members 
of the conference were inclined to reserve the term "land classifica-
tion" for use in the broader sense. while others apparently would 
restrict the subject to the classification of land according to physical 
factors and exclude from the concept those elements related to the 
more elusive economic evaluation of usefulness. While admitting 
the necesity for including in land classification more than the phy-
sical environment, some conferees felt there was a danger of the 
concept becoming unwieldy were it broadened too far. In other 
words, what are the limits to a workable concept of land classifica-
tion? 
Most of the conferees agreed that there are many different 
kinds of land classification which vary according to the objectives 
for which they are undertaken. Some questioned the validity of the 
concept of a general land classification which would coincide with 
the underlying. common objective of the several specialized land 
classifications, and provide a basis for the formulation of public policy 
with regard to the land. Others, however, felt that, with a greater 
mutual awareness of the common objective served by general land 
classification, conflicting results of less comprehensive land classi-
fications for special purposes could be avoided. 
There were several other differences of opinion not resolved, 
or rather questions left unanswered, among which may be mentioned 
8 MrssouRI AGRICULTURAL ExPERIMENT STATION 
the following: 
If "land" is not synonymous with "soil" or with "the totality of 
the physical environment" (i.e. soil, surface configuration, water 
resources, climate, etc.) but should include cultural features as well, 
how far should the concept be broadened? Most members felt that, 
in broadening the concept to include aspects of human culture, there 
was a danger of the concept becoming unwieldy or unreal. In other 
words, what are the limits of a useful concept of land? 
To what extent should land classes be merely descriptive of 
present conditions, such as soil conditions, present land use, etc.? 
To what extent should the classes reflect the causative influences 
underlying present conditions, as might be accomplished by cor-
relating present land use with physiographic conditions? To what 
extent should recommendations as to desirable land use be implicit 
in the classification itself such as recommendations that farms be 
enlarged or that forestry is better adapted to the area than is farming? 
What alternative types of land use should be contemplated in 
the classification? Although agricultural uses, including forestry and 
grazing, were most discussed at the conference, what considerations 
should be given to urban, suburban, recreational, and other uses and 
to scenic. mineral, residential and similar qualities in addition to 
agronomic productivity? 
Since some forms of land classification may involve judgments 
as to potentialities of land for use, and since the results are designed 
to enlighten decisions of public policy and private planning, how 
can citizen participation be most useful? 
Most speakers stressed the dynamic character of land classifica-
tion and many warned against any "freezing" of land-use recom-
mendations. It was pointed out that usually land of identical physical 
character has a very great many "best" uses in different places, at 
different times, and in different economic units. Not only do people 
use land in a dynamic political, social, and economic frame of refer-
ence but also in one that is dynamic in respect to physical techniques 
New discoveries in scientific agriculture apply unequally to different 
kinds of land. Althought it was ref!ognized that the boundaries of 
grazing districts. of forest areas, and in rural zoning ordinances 
can't be shifted frequently, it was stressed that agricultural practices 
on farms are subject to swift changes. 
The problem of using the results of recent agricultural research 
in land classification was brought forward by some. A general need 
for more adequate summarizations of these results in forms usable 
by the land classifier was recognized. 
There seemed to be general agreement upon the desirability of 
developing productivity ratings for soil types as rapidly, as exten-
sively, and as accurately as possible, in terms of yield expectancy for 
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economically significant plants under physically defined systems of 
management. At the same time, it was stressed that even these must 
be carefully interpreted in reference to individual farm conditions 
and cannot be followed blindly in appraisal work or in making land-
use recommendations. 
With regard to various current types of classification, in which 
generalized "use classes" according to use adaptability or capability 
are either stated or implied (i.e. land suitable for agricultural develop-
ment. or land not suitable for permanent agriculture), it was gener-
ally felt that these should be considered only tentative and used with 
great caution, rather than be blindly followed in the application of 
programs to any particular piece of land. 
Although a cordial and cooperative spirit prevailed throughout 
the conference, and although the need for further and closer cooper-
ation was stressed, no very specific suggestions were developed for 
closer cooperation among the various specialists in the actual tech-
nique of land clasification, in the actual performance of the job. This 
is not so discouraging when one reflects upon the gains made in 
general approach. With better agreement upon principles, one can 
expect closer cooperation on the ground. 
Suggestions for another conference within one or two years were 
brought forward, but no definite arrangements were proposed. Some 
suggested that members of the American Farm Economics Associa-
tion. the Soil Science Society of America, the Association of American 
Geographers, and similar scientific groups might propose additional 
conferences, sponsored by these groups, if sufficient interest becomes 
manifest. Many feel that in future conferences, if organized, the sub-
jects should be more narrowly defined with more emphasis upon 
techniques and more opportunity for round table discussion of cases. 
Perhaps readers can form an opinion regarding the desirability of 
future conferences from the papers presented at the first one. 
M.M.KELSO 
CHARLES E. KELLOGG 
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PRODUCTIVITY RA TINGS OF SOIL TYPES 
J. KENNETH ALBEITER' 
I want to express my appreciation to those in charge of this pro-
gram for the inclusion of a paper on productivity ratings of soil 
types. This is not because of personal reasons-but because I feel 
that the invitation for such a paper signifies the realization by this 
group that soil types do express soil differences, and furthermore, 
that these differences, especially as they relate to soil productivity, 
have a bearing upon land character, and hence must be recognized in 
systems of land classification designed to bring out, more or less 
directly, the comparative suitability of land for use by people. 
N a:ture and Purpose 
As you know, productivity ratings are now included as one of 
the sections of the soil survey report. Considerable attention has 
been given to this matter of productivity ratings by the various State 
Experiment Stations and by the Division of Soil Survey. Simply 
stated, productivity tables give in tabular form information on the 
crop yields of soil types and the comparative ability of soils to pro-
duce the common crops of an area under prevailing or specified prac-
tices of management. This information is presented by means of 
estimated yields and by indexes or figures related to standard yie'lds 
of reference. The arrangement of the tables and the manner in 
which indexes are assigned for each crop and each soil type may be 
observed from inspection of recently published soil survey reports. 
By reporting the yields that may be expected on soil types under 
certain management practices, productivity ratings supply essential 
facts of physical production. Although they are not ratings of 
economic productivity, they should lead to interpretation in the field 
of economics. These ratings should be a basic step in the orientation 
of the information on soils, and in making classifications of land and 
plans for a wiser utilization of land. 
Soil Types, A Unit of Classifica:tion of the Landscape 
Since this is a discussion on the productivity ratings of soil types, 
let us briefly consider soil types. Soil types are taxonomic units in 
the system of soil classification that was developed largely under 
the leadership of Dr. Marbut. They are defined and recognized by 
their characteristics, both internal and external. 
'Senior Soil Technologist, Division of Soil Survey, Bureau of Plant l'ndustry, 
U .S. Department of Agriculture 
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By ·internal characteristics we refer to those features of mor-
phological significance. They include such items as color, texture, 
structure, thickness, and arrangement of the soil layers and parent 
material. External soil characteristics include those of slope or to-
pography, native vegetation, external drainage, degree and character 
of stoniness, · and climate. The soil type thus represents a combina-
tion of characteristics that together occupy a particular kind of land-
scape in which the factors of soil genesis-climate, native vegetation, 
relief, parent material. and age or time-are essentially uniform. 
You will recognize that the internal characteristics are those more 
strictly associated with the soil profile as exposed in excavation. Fre-
quently, these characteristics, and these only have been considered 
as soil characteristics, whereas actually, soil types are units of the 
landscape and each has a characteristic slope or range in slope, a 
characteristic climate, a characteristic native plant association, and 
so on. Thus, slope or topography cannot be set up as being something 
distinct from the soil. In short, the definition of a soil type compre-
hends all of the internal and external characteristics of the soil, in 
their relationship to one another, that have a significant bearing upon 
the genesis of the soil, upon its capability for the growth of natural 
and cultural vegetation, and upon its functioning under cultural 
practices. 
The Significance of Soil Types 
Just what is the significance of soil types to farming or to the 
agricultural scientist and to agriculture in general? Do they have 
any meaning for the farmer who thinks primarily in terms of fields, 
pastures, woodlots, hills, valleys, uplands, bottom lands? Whether 
or not the farmer realizes it, he is thinking in terms of soil types, 
at least to some extent. as soon as he begins to differentiate between 
upland and low land, prairie land and timber land and sandy land. 
Although he does not have all of the nomenclature that the soil 
scientist does, he recognizes these differences in soils, particularly 
as they affect workability, erodibility, and productivity. It is my 
experience that one soon gets on familiar ground with the farmer 
when you begin to talk to him concerning the differences in soils on 
his farm in these common terms. He follows you in the designation 
of characteristics of the soils as they may occur on his particular 
farm and he recognizes that certain soils are distinct both in the way 
in which they may be handled and in the responses procured. One 
of the primary functions of the use of soil type names is that they 
give to the farmer a basis for reference in comparing his experience 
on his land to those of.his neighbors and fellow farmers, for without 
these definitions of soil types farmers cannot well evaluate whether 
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what they read or hear John Smith say applies directly to their own 
farm or not. This same statement applies to the worker in agricultural 
science or extension. Without reference to these units of the land-
scape how can it be known that the addition of 300 pounds of phos-
phate on Joe Brown's farm that resulted in an increase of 50 per 
cent production, let us say, may have any direct meaning for John 
Smith or his farm. Likewise, when the soil scientist at the experiment 
station reports that a brown loam overlying yellowish-brown clay 
responds to certain applications of nitrogen and phosphorus to corn 
and oats, the farmers and scientsits of his or adjacent states do not 
know whether or not such information has any particular significance 
for them. Soil types furnish the medium by which the findings of 
all forms of soil research and related sciences can be implemented and 
carried out to the farmers and other agricultural workers of our 
country. 
Just as we need to know the morphology, classification, physical 
and chemical composition of soil types, we need to discover their 
productivity, responses to management, and use capabilities for agri-
culture and alternative uses. Soil types make up fields, pastures and 
woodlots which in turn comprise farms and which in turn again, 
form our farming communities. Counties, States, and the Nation 
itself are in one sense geographical groupings of communities, farm-
ing or otherwise. Thus. for the welfare of the Nation as a whole it 
is highly important that each farmer know on the farm where he is 
situated the possible alternative uses to which each, and all of his 
soil types taken together may be put, economically or otherwise. 
At this point it is important to stress that most farmers work with 
a number of associated soil types. They not only want to know the 
potential producing power of each type and the means whereby 
productivity can most easily be maintained, but they are also con-
cerned with what the particular pattern or proportion of these soil 
types, as they occur on their farms, means in terms of operating the 
farm units. Since individual farmers vary in their interests and in 
their capacity of management, there are alternative uses to which 
these particular patterns of soils on each farm may be put. Farmers, 
county planning committees, credit agencies, workers in agricultural 
research, extension, teaching and land-use planning, are all inter-
ested in knowing the facts of production by soil types and farms, 
the economics of production, and the hazards of the maintenance of 
productivity under different types of farming. 
It is here that the mapping of soil types and productivity ratings 
become of vital concern. The mapping gives information as to the 
geographical extent of the landscape units to which the findings of 
research and farmers through experiments and past experiences can 
be related. The ratings themselves are simply an attempt to syn-
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the size or crystallize the experience of farmers and others as to crop 
yields procured under different types of management and the suit-
ability of soil types for alternative uses. The use of such information 
should insure more accurate predictions regarding future yields. 
Importance of Management in Productivity Ratings 
If we are to report upon the ability of soil types to produce 
various crops, we must present this information in terms of manage-
ment practices, otherwise our reports will lead to nothing more than 
confusion. To report yields without facts of management is as hope-
less as to report yields by management without reference to soil 
conditions. Production is the result of both soil characteristics, in-
cluding climate. and the conditions of management. All of us use 
the terms "good farmer" and "poor farmer" and we all have experi-
enced the fact that some men seem to make a go of it where other 
men fail. There is need. therefore, not only to gather information as 
to actual yields procured from soil types but to gather information 
also as to the condition under which these yields are obtained. The 
work of reporting soil productivity consists, therefore, of three rather 
definite lines of work: (a) identification, classification and mapping 
of soil types; (b) information as to crop yields, including grasses and 
trees on these soil types; and (c) information as to practices under 
which such yields were obtained on the particular soil types. Having 
this information we are in a position to begin to discover some of the 
relations that exist between soils, farming practices and productivity 
and the maintenance of productivity. After all, these relationships 
furnish the keynote of scientific agricultural research. It has been 
aptly stated that the objective of soil research is "to determine the 
kind, yield, and quality of plants that can be produced under alter-
native physically defined systems of management on the various 
types of soil and the influence of these systems on the long-time 
productivity of the soil types". 
Method of Rating 
Perhaps it may be well to review somewhat briefly the develop-
ment of productivity ratings in the Division of Soil Survey. The 
work received its initial stimulus from the National Resources Board 
when they requested an inventory of the physical assets of this 
country. Dr. Marbut and Dr. Barnes worked out in cooperation with 
the State Agricultural Experiment Stations such an inventory in 
which they eventually classified the land in five classes based upon 
natural productivity. ~ealizing that production of agricultural crops 
and products is a result of both the soil and management, they at· 
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tempted to keep the management factor constant inasmuch as they 
were attempting to evaluate the part that soil contributes in produc-
tion. Soils were rated therefore under that management which was 
assumed would maintain the natural productivity. In other words, 
the effect of soil amendments was not considered. This method led 
to some misunderstanding by those people who did not take time 
to understand the basis of the ratings. For example, lands that were 
irrigated and therefore highly productive were given a low natural 
productivity rating. Again, those soils that are low in inherent 
fertility but which produce highly because of heavy applications of 
amendments received a low rating according to natural productivity. 
Dr. Marbut and Dr. Barnes realized very well the conditions 
under which they were rating soils according to natural productivity, 
and therefore, they readily appreciated the need of showing produc-
tivity of these soils under management practices that included the 
use of fertilizers. This led to the use of two sets of indexes-with 
and without parentheses. 
As a result of this pioneer work in giving ratings to soils, it was 
conceived that the soil survey report itself could be greatly improved 
if productivity ratings were made a special part of it. Accordingly, 
the inclusion of such ratings in the reports was encouraged. The 
earlier reports such as those of Crawford County, Wisconsin and 
Steuben County, New York, gave ratings for the natural productivity 
of soils. The indexes used for the crop ratings ranged from 1, the 
lowest, to 10, the highest. Again, the general ratings of the soils in 
the agricultural region of which they were a part, rated from 1, the 
highest, to 10, the lowest. Also, instead of giving each soil type an 
individual rating for each crop, similar soils were grouped together 
and given the same rating. 
As time has gone on. naturally, our concepts of the method of 
rating soils have changed somewhat so that at present we are includ-
ing tables such as those included in the reports (as yet unpublished) 
for Jefferson. Roane Counties. Tennessee, Catoosa County, Georgia, 
Tulsa. Oklahoma. Greenbrier. West Virginia and Billings County, 
North Dakota. (Copies of some of this material will be available for 
inspection by the conference). For those of you who may be par-
ticularly interested in knowing more about the details of these changes, 
the essential differences between the earlier and later reports are: 
(1) The inclusion at present of a table of estimated yields as 
well as one of indexes. 
(2) The disappearance of the term "Natural productivity". 
(3) The reporting of yields by management practices other than 
than those that may maintain the inherent fertility. 
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(4) The present use of standard yields for the reference of crop 
indexes. 
(5) The use of indexes from 1 to 100 intead of 1 to 10. 
(6) The assi,gnment of crop indexes to individual soils instead 
of to groups of soils. 
(7) The listing of the percentage weighting of crop indexes used 
to determine the productivity grade number. 
(8) The addition of remarks regarding principal crops, land use, 
fertility, erodibility, or other characteristics of agricultural 
significance. 
(9) A simple grouping of soils in terms of general productivity 
for use. 
All of these changes have been directed toward making the infor-
mation more easily understood and also more specific as it relates to 
both soil and mana,gement. Reference to one of the recent soil survey 
reports should clarify any of these items that we have listed briefly 
here. Instead of makin,g this paper a detailed discussion of all of 
the aspects of productivity or similar tables, it seems better to con-
sider a few of the broader aspects of productivity ratings. 
Sources of Information.-You may be interested in knowing 
what are the sources of information used to obtain records of crop 
yields. Information as to yields is obtained by the field man at the 
time of survey from as many sources as possible. He interviews 
farmers as to their crops, yields and practices. He discusses with the 
county a,gent and assistants their experiences within the county in 
respect to crops and soils. He obtains permission to consult Triple A 
records and to check those findin,gs with his maps. He uses elevator 
records, cotton ,gin records and his own observations. He takes the 
matter up with the inspector and representatives from the State 
A,gricultural Experiment Station and college with whom he may 
come into contact. After his study in the county in question he for-
wards with his report for his area ·a table of estimated yields accord-
ing to the prevailing practices. In some counties the field man may 
decide that there is only one prevailing practice; in other counties 
he may outline two; and in still others, three general types of man-
agement may be defined. These in turn are modified according to 
the particular soils in the county. For example, it may be found 
that although crops in general are grown under a relatively low 
level or extensive form of management, some variations of manage-
ment occur from soil to soil. The bottom lands are handled differ-
ently than the uplands and the light-textured soils are managed 
differently than the heavier-textured. 
BULLETIN 421-LAND CLASSIFICATION 19 
After the field man has sent the table of estimated yields to the 
office, the entire productivity section including the table of indexes 
is prepared and the material turned back to him, to the inspector 
and to the State workers at the Agricultural Experiment Station for 
review. Scientists at certain of the Stations take almost the entire 
responsibility for the yields and ratings reported in their State. In 
addition, special investigations of crop yields and management prac-
tices, as those at Iowa and Illinois, are giving valuable information. 
This illustrates the cooperative approach of this work. 
Indexes.-The table of estimated yields furnishes the information 
for the table of productivity indexes. Present soil survey reports 
carry both a table of estimated yields in terms of bushels, tons, or 
pounds together with one giving the same type of yield information 
in terms of indexes. These indexes refer to 100 as a standard. The 
standard for any particular crop has been selected to represent the 
approximate average yield obtained for that crop on the more ex-
tensive and widely developed soils of the regions in the United States 
in which the crop is a principal product. Thus, the standard for 
corn has been selected as 50 bushels, the standard for wheat as 25: 
for clover and timothy as 2 tons; and for alfalfa as 4 tons, etc. A 
list of the selected standards that apply is included with each table 
and report. It is to be noted that these standards with one or two 
exceptions refer to the yield obtained without the common use of 
amendments. In other words. this is the yield that the soils have 
produced rather commonly without additional fertilization. The use 
of indexes and standard yields of reference give to the reader a pic-
ture of about how well the soil types in question produce the specified 
crops as compared to other soils of the country that grow the same 
crops. There is an advantage and a disadvantage in their use. The 
disadvantage is that in order to get precise yield information certain 
mental gymnastics of translating the index into terms of bushels, 
tons, or pounds is necessary. For that reason the table of estimated 
yields is included. On the other hand, a table of estimated yields in 
itself does not give anyone-who is not acquainted with relative 
productivity throughout the country-an idea of how well the high-
est-yielding soil in any county yields in comparison with soils else-
where. 
Produc:tivity Grade.-The productivity grade gives the relative 
general productivity of a soil type for the common crops of the region 
in which it occurs. Productivity grade numbers are obtained by a 
simple percentage weighting of the various crop indexes. Since the 
weighting is based upon 100, the soils with a weighted average be-
tween 90 and 100 are rated 1; between 80 and 90, 2; 70 and 80, 3, etc. 
Thus, the best soils of any particular county may rate 1 or they may 
rate 5 depending upon their productivity in terms of the relative 
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standard. There is no attempt to compare soils that produce wheat 
directly with those that produce tobacco, citrus fruit, cotton or any 
other crop. In other words, no attempt is made to answer which is 
the most productive soil, the one which produces a 25 bushel crop 
of wheat or the one which produces 2 tons of hay, 4 tons of alfalfa 
or 200 bushels of potatoes. It is like answering the question: which 
is the best man for society-the A No. 1 auto mechanic or the A No. 
1 barber or the A No. 1 farmer. Each No. 1 man heads the list of his 
profession or occupation. Similarly, each No. 1 soil ranks high in 
the production of the crops which are commonly grown upon it. 
This matter of a general productivity grade is the most questionable 
feature and at the same time it probably has the least real significance 
of any in the productivity table. It has been our thought that weight-
ings may be given to indexes to indicate the relative productivity of 
soils. but at no time have we felt that the procedure we are using is 
the only procedure or even the best procedure. 
It is a procedure and in our reports has so been described. In 
other words. we have shown in most of the recent reports how the 
individual crop indexes were weighted to arrive at the relative 
placement of the soils. Any other weighting would bring a different 
answer and the reader is entitled to use his own judgment. What are 
the bases of the weighting you may ask. Why is the index for corn 
weighted 25 in one county. 15 in another and 35 in still another, or 
why are the indexes for corn on certain soils within a particular 
county weighted at 40 and others at 20? Our explanation for this is 
about as follows: How is the general productivity of a soil measured? 
We presume that it is measured by its ability to produce the crops of 
a given region. The ability of the soils to produce these crops quan-
titatively is given by the crop productivity index and its general pro-
ductivity or ability to produce the crops of the region should be given 
by some weighting of the individual crop indexes. Each crop index 
should be weighted approximately in proportion to the importance of 
that crop in the local agriculture. But who knows or what data can 
tell us the importance of a particular crop in the local agriculture? 
The relative acreage of each crop may be partially a clue, the gross 
incomes for each crop may be another or the relative labor income 
may be still a third. It all depends upon the point of view. Accord-
ingly, we have been weighting individual indexes in terms of the 
relative proportion of the crop land that is devoted to the crop in 
the county. Where information is available, the relative percentage 
acreage by soil types or those rather similar in their agriculture, 
has been used. Thus, corn may comprise 40 per cent of the crop 
acreage in a particular area. Its acre value may be as high or higher 
than other competing or supplementary crops. Our weightings have 
been based by acreages and relative acre values for the most part. 
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In a way they are simply estimates of the relative importance of the 
particular crop in the community. The important thing is that we 
list just how we have weighted these indexes in order to arrive at 
our order of the placement of soil types. We scarcely claim any more 
for the method than that we show how it has been worked out. As 
stated previously, this is one of the most controversial features of the 
entire method and we hold no particular brief for the way in which 
it has been approached. It is our thought that as time goes on, more 
and more data will become available so that such information may 
be treated more statistically. 
Soil Groups or Land Classificaiion.-In addition to the table of 
estimated yields and the productivity table with indexes and general 
productivity grade, we have recently added a third type of table to 
some of the productivity sections in the ·Soil Survey Report. This 
is one in which we have attempted to give some of the characteristics 
that influence productivity and some of the characteristics that in-
fluence the desirability of soil types for farming purposes other than 
productivity itself. The workability of the soil, as we have been 
calling it-by the way, without the whole-hearted support of Dr. 
Kellogg for the term-illustrates such a characteristic. By work-
ability we refer to the ease or difficulty with which a soil can be 
tilled by the usual methods of farming for the region in which the 
soil occurs. The properties of the soil that influence its workability 
may be several. There are those that are associated with its physical 
condition which determine the resistance it may offer to tillage. 
Some soils plow more easily than others because of less resistance 
offered by soil consistence. Other soils work more easily because 
stones offer no handicap. On others the topography may be smooth 
in contrast to those soils occurring on hillsides. Again, certain soil 
types have a tendency to occur as narrow belts or strips or small 
irregular patches that are associated with untillable land. Such soils 
are difficult to work, and productivity may or may not be appre-
ciably lower depending upon the ease with which tillage can be car-
ried out. Questions as to workability, water-holding capacity, size 
of areas, productivity, natural level of fertility, erodibility, and rela-
tive cost of maintaining productivity are some of the questions that 
enter into a classification of land. In some of the reports we are 
attempting to group the soil types into a few simple groups on the 
basis of soil characteristics as they affect the desirability of those 
soils for farm purposes. This is our type of land classification. 
There are one or two other thoughts that perhaps should be 
considered. One relates to the inductive and deductive methods of 
arriving at the ratings. There has been apparently some misunder-
standing of these methods and their application. We point to the 
Storie method of rating as a nearly purely inductive approach. By 
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this we mean that from the known characteristics of the soil profile 
the productivity rating for the soil type is obtained. As contrasted to 
this, we say that the use of specific crop yield data from many areas 
of a specified soil type is deductive, since information concerning 
the productivity of a soil type in general is made to apply to a par-
ticular area or areas of that soil type. On the other hand, the use 
of data regarding specific crop yields from specific areas may be said 
to be an inductive approach since the crop yields of the specific areas 
of soil types are used to apply to a more or less general crop rating 
for that soil type. Again, the relative placing of a soil type accord-
ing to information of other similar soil types may be said to be de-
ductive. The result of all this discussion is to emphasize very strongly 
that our present method of rating is definitely both by inductive and 
deductive means. Similarly, the Storie method cannot be said to be 
wholly inductive. 
Soil Produc:tivi:ty and Single Soil Charac:teris:tics 
We have been asked frequently to relate soil productivity with 
certain other characteristics of soils such as erosion, slope, content of 
nitrogen or phosphorus. The questioner felt that there was some 
direct relationship between productivity and these individual soil 
characteristics. For example, could it not be said that soils with 10 
per cent slopes were less productive than soils with 5 per cent slopes 
or that eroded soils were half or one-fourth as productive as uneroded 
soils. Again, couldn't it be stated that as the content of organic 
matter in a soil increased, the productivity would increase in a similar 
proportion? Wouldn't it be well to study these relationships and 
bring them out, especially as they would then bear so directly upon 
management practices designed to bring about increased soil pro-
duction? There is no question but what these characteristics do 
influence productivity and that for any soil there is a relation be-
tween slope and productivity, between degree of erosion and pro-
ductivity, between content of nitrogen, phosphorus, or boron, etc., 
and soil productivity. Such information as developed for individual 
soil types would be excellent and in fact, should be a stimulus for 
lines of soil research. It is difficult to realize, however, how any 
relationship that may be found existing between productivity and 
slope on one soil for one crop or sequence of crops can be safely 
transferred to all other soil types. Of course, not all soil types are 
equally distinct from all other soil types. A certain soil is .more 
nearly like another certain soil than it is to a third soil and there is 
no question but that some of our soil types may be grouped to-
gether in respect to certain characteristics, such as those of slope and 
productivity, but it must be emphasized strongly that soils are made 
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up of a whole set of characteristics, each one of which influences 
the significance of any individual characteristic upon the ability of 
the soil to produce, or to erode, or to be farmed economically. For 
example, most of us know that the Porters soils of the southern 
Appalachian Mountains with slopes of 15 per cent are much more 
productive for corn, cabbage, small grains and clovers than are the 
similar slopes of the Muskingum soils in the Allegheny Plateau 
farther north. The same general story holds for erosion and con-
tent of nitrogen. That is to say, there is no direct relationship or 
straight-line function that holds for all soils between the relative 
amount of the surface soil that has been removed (or the percentage 
of surface soil that remains) and productivity. For example, a Lindley 
silt loam, hill phase with 75 per cent of the surface soil removed 
is correspondingly less productive than a Marshall soil with a similar 
proportion of surface soil removed. In other words, there are a lot 
of other characteristics or conditions in addition to the one of degree 
of erosion that will determine the relative effect that degree of erosion 
has upon the productivity of the soil. Similarly, the relation of a 
given percentage of organic matter to productivity of soil types 
varies with soil types inasmuch as the other characteristics, such as 
phosphorus supply, potassium supply, moisture-holding capacity, 
calcium content, etc. vary with the individual soils. 
It does not appear to be feasible to evaluate and synthesize 
accurately, all of the characteristics that make up a soil and come 
out with the answer of soil productivity. Even if it is possible to set 
up for a given soil profile, direct mathematical relationships between 
productivity and individual soil characteristics, such as texture, 
structure, color, depth of A horizon, pH of B h,orizon, water-holding 
capacity, etc. the formula has only very limited application to other 
soils. We do not object to the statistical treatment of soil data to 
attempt to find these relationships or ratios, but we do want such 
data properly evaluated in their application to other soil types. Be-
cause of the limitations in this type of investigation, we have first 
looked elsewhere for a means to evaluate the productivity of soil 
types. Since the production of crops appears to be a valid measure 
of the productivity of soil types (that consist of a whole set of soil 
characteristics), efforts have been made to obtain information on the 
production of crops by soil types. 
Yield Predictiona.-Does this mean that no attempt will be made 
to predict yields on uncropped land or for management practices 
not as yet practiced? Not at all. Predictions of yields are demanded 
and as a . publi~ agency we cannot afford to ignore the requests for 
them. Certainly, county plannl.ng committees, residents df proposed 
irrigation districts, settlers in new lands, credit agencies and econ-
omists planning 'for the future welfare of the State, are entitled to 
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estimates of crop yields on uncropped land by soils and management 
practices. Such predictions, necessarily, must be based on what is 
known. Herein lies the value of soil research, soil survey, and pro-
ductivity ratings on known areas of soils, crops, and management. 
Only by a knowledge of detailed soil morphology plus the conditions 
of the external environment together with the facts concerning pro-
ducfion on these soils under specified types of management are we 
enabled to make any sort of a prediction on lands not cultivated. 
We have no objection to making these predictions and to making 
them as detailed as possible, but we do not believe that as yet informa-
tion is sufficiently accurate to enable any of us to lay down mathe-
matical formulas whereby from certain soil characteristics absolute 
relative productivity ratings may be given. We do not object how-
ever, to the use of formulas or factors or the relative weighting of 
different characteristics to arrive at an assumed productivity, if such 
information is given as estimates or results of judgment and their 
use is indicated to be simply a means of guidance. 
To summarize the situation in respect to productivity ratings, 
there appears to be no question but what their utility as a tool for 
land classification is generally recognized. It is only with a knowl-
edge of yield expectancy and permanency of production according to 
management practices on soil types that we can expect to really 
possess knowledge sufficient to make predictions of best land use. 
A knowledge of the soil type and its productivity for different plants 
according to alternative types of management gives a basis for ex-
panding soil science into the affairs of everyday life. This is especially 
important in times of changing markets and world conditions. Mis-
understandings that may have arisen in the past in terms of soil 
productivity ratings and questions that have been raised as to their 
validity probably rest upon one or more of the following conditions: 
(1) Lack of sufficient detail in the mapping units to which the 
information on productivity applies; (2) inaccuracies of the mapping 
to which the productivity ratings were applied; (3) lack of definition 
of management practices for which the information on productivity 
was given; and ( 4) erroneous and inadequate information on the 
productivity itself. With more clearly defined units of soil types and 
more precision as to management practices it is hoped that short-
comings are rapidly disappearing and that productivity ratings will 
become a worthwile instrument in the expansion and use of the 
results of soil research in all of its allied fields. 
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DISCUSSION 
R. EARL STORIE' 
Mr. Ableiter has brought out the value of having productivity 
ratings on soil types. All land classification people, I believe, agree 
that these are extremely valuable in arriving at the relative physical 
productivity of land and the adaptability of land for certain specific 
uses. 
I would like to particularly stress to the economists the relation-
ship of soil types to environment as mentioned by Mr. Ableiter. 
Climate, native plant association, and slope are all environmental 
factors which are closely tied up with the soil type. 
Management factors of drainage and fertilization can well be 
brought out in productivity ratings, as well as the ratings for un-
usual crops such as rice. 
There are many college people present, so I would like to stress 
the educational value of securing productivity ratings. This can 
well be illustrated by our procedure in this work in California. 
The Agricultural Extension Service is carrying on a large number 
of studies of crop production under their Efficiency Studies Program. 
We were asked to assist by identifying the soil in each of the fields 
or orchards in which these studies are in progress. Generally, we 
went into the field with the farm advisor and worked out the soil 
classification with him, indicating the individual physical character-
istics of the land, the soil type classification, the Storie Index soil 
ratings, and the natural land type grouping of the individual soils. 
Where soil survey maps were available, these were, of course, used 
in this classification. This field work with the county agents has 
proven of real value from an educational standpoint in better ac-
quainting the various county agents and their assistants with soil 
classification characteristics. Following the field work, yield data 
was collected and correlated with the soil conditions and productivity 
ratings worked out. Then meetings were held with the growers to 
discuss the results. This has proven extremely valuable as there 
has already been some changes in land use through this educational 
approach. 
A number of the movie colony in Hollywood who have farms in 
the nearby San Fernando Valley are cooperating in this work and 
are trying to improve their use of the lands. This is illustrated by 
the case of Carol Lombard, who sometime ago "went hayseed", pur-
chased a farm, and after consulting a soil map found she had picked 
a "lemon". Miss Lombard stated "it just served me right. And now 
'Associate Soil Technologist, College of Agriculture, University of California, 
Berkeley, California 
2Screenland. August 1938 "Hollywood goes Hayseed" 
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I will buy a farm that the soil map and the farm advisor tell me is 
most productive'". 
We have encountered some difficulties in working out complete 
soil type productivity ratings in California because of the great num-
ber of crops, a great complexity of soils due to complex geology, 
and great variations of climate. For example, in San Diego County 
we have over 40 crops, over 100 soil types, variations in climate 
within a short distance that are extremely important to the kind of 
crops that are grown, and crops that are grown both with and with-
out irrigation. 
In desert and unutilized areas of the West, sometimes only slight 
evidence of soil capabilities can be drawn from present crop use, 
and a rating of the soils in terms of their potential utilization when 
irrigated must be based largely on the inherent character of the 
soils in their natural state as expressed by texture, structure, and 
other properties of the surface and lower layers of the soil; drainage; 
freedom from toxic conditions; erosion; and relief. The soils of many 
of our areas in California have been rated on the basis of such char-
acteristics, according to the degree to which they present conditions 
favorable to the growth of crops. These ratings are expressed as 
indexes (known as the Storie Index) with soils having the highest 
rating given the highest index. In irrigated areas there is need of 
having soils adapted to a wide range of crops because of the cost 
involved, so that the Storie index has taken the place of the crop 
productivity ratings in these preliminary studies and has been very 
useful in aiding land use. 
We, in California, feel that productivity rating on soil types is a 
very useful tool in the land classification field and we plan to increase 
our work along these lines. 
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DISCUSSION 
P. L. GADDIS1 
I am glad to have the opportunity of commenting briefly on Mr. 
Ableiter's paper. In my opinion he has presented a good discussion 
of the efforts and the difficulties connected with soil ratings, as well 
as some of the controversial points. 
The development of the soil survey in the United States should 
have our hearty commendation. From a small beginning 41 years 
ago,' there has been both qualitative and quantitative progress over 
the years. The work is sometimes criticized as being inconsistent 
but growth frequently develops inconsistencies. The scientific ap-
proach to a problem consists of uncovering real inconsistencies and 
eventually eliminating them at the cost of being considered incon-
sistent in so doing. The criticism of too much detail in soil survey 
reports is also heard. Such criticism probably is the result of a lack 
of understanding of the subject, accentuated by some incomplete-
ness or lack of simplicity and organization in the presentation of the 
information in the reports. Detail should clarify rather than confuse 
if proper correlations and measurements are a part of the system. 
One difficulty is that of preparing a report suitable alike to techni-
cians and research workers and to those who desire to apply the 
· information directly to field problems. 
From the point of view of the Appraisal Subdivision of the Farm 
Credit Administration there is a need for better correlation of the 
soil series described in successive reports and for more practical 
information on the management problems of each. With the full 
cooperation and assistance of the Division of Soil Survey of the 
Bureau of Plant Industry, we are preparing a series of soils manuals 
for the various land bank districts.' The purpose is to organize and 
correlate the soils information now available in order to give our 
fieldmen a systematic and comprehensive picture of the soils of their 
districts. In these manuals we are emphasizing (1) the factors which 
determine soil characteristics; (2) the general distribution of the 
great soil groups of the United States; (3) soil classification with a 
key to description of soil series, planned after botanical keys; (4) 
detailed descriptions of the various soil series; (5) soil erosion and 
use-capability; and (6) optimum soil, climatic, and other requirements 
for various crops grown in the district. 
'Chief. Appraisal Subdivision, Farm Credit Administration. 
'Milton Whitney and others; Field Operations of the Division of Soils, 1899. U. S. 
Dept. of Agr. Rpt. 64. 198 pp., illus. Washington, 1900. 
'[U. S.] Farm Credit Administration; Soils Manual for the First Farm Credit 
District With Crop Reci.uirements Supplement. 445 pp., illus. [Washington], 1939. 
Others completed or in preparation. <Mimeographed, not for distribution.) 
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You will note that I have omitted mention of the soil productivity 
ratings. It is not that we overlooked these ratings, but rather that 
we have felt they are still in the developmental stage and, as set 
up, of quite indirect and somewhat questionable value to the field 
appraiser. 
Mr. Ableiter has pointed out that soil productivity ratings com-
prise one of the more recent additions to the soil survey reports. 
I want to sum up briefly some of the difficulties encountered in their 
establishment, and in their use, particularly by land appraisers. One 
of these is the shift in the basis of ratings which has been necessary 
in the early stages of the work. 
Work initiated in this country by Dr. Marbut and Dr. Barnes 
about 1933 was an attempt to give a "classification of natural land 
types according to their physical productivity" for each of the im-
portant crops grown in the area.' The most productive land in the 
United States for a particular crop was given a base productivity 
index of 10 for that crop and was the standard with which all other 
land for that crop was compared. To reflect the use of amendments, 
an additional rating was prepared for lands on which production is 
obtained by the use of lime, fertilizer, or manure. A second series 
of ratings gave the general grading of the agricultural quality of the 
soil, grade 1 being highest and grade 10 the lowest. In both series of 
ratings the standard of reference was the best land (untreated) for 
the particular crop in the United States. 
This system is essentially the one followed in the soil survey 
report for Crawford County, Wisconsin, published in 1935, to which 
Mr. Ableiter refers.6 This report rates the soils by types or by groups 
and states, "These values are to indicate, as nearly as possible, the 
natural productive capacity of the soil types, regardless of such 
important consideration as differences due to previous management 
and the accessibility of markets." These natural productivity ratings 
were largely concerned with the physical condition of the soil and 
were based "on the ability of the land to produce, under a manage-
ment capable of maintaining the natural level of productivity, but 
without irrigation, drainage, or the addition of lime and fertilizers." 
A significant change in the method of rating is illustrated by 
the soil survey report for Woodward County, Oklahoma, published 
in 1938.6 In this report the soil types were given crop productivity 
'See, C. P. Barnes; "A Classification of Natural Land-Types According to Pro-ductivity, Based upon the Soil Survey,'; Report of the Fifteenth Annual Meeting 
of the American Soil Survey Association. Assoc. Bul. XVI:38-38. State College, 
Pa .. May 1935. , 
'M .. Edwards, W. J. Geib, and others; Soil Survey of Crawford County, Wisconsin. [U. S.] Bur. Chem. and Soils, Soil Survey Rpt., Series 1930, No. 34. 39 pp., illus. Washington [1935]. 
'E. G. Fitzpatrick and W. C. Boatright; Soil Survey of Woodward County, Okla-homa. [U. S.] Bur. Chem. and Soils, Soil Survey Rpt., Series 1932, No. 28. 44 pp. illus. Washington. June 1938. 
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indexes based upon a standard of 100, which represented the inherent 
productivity of the most productive soil type or types in the United 
States for that crop. Inherent productivity was defined as "that level 
of productivity at or near that existing when the virgin condition 
became adjusted to tillage practices." The indexes as prepared were 
based "upon yields obtained under current farming practices without 
irrigation, drainage, terracing, and the use of commercial fertilizers." 
No attempt was made to give additional ratings for the inherent pro-
ductivity of the soil. This represented a shift from natural produc-
tivity to actual productivity under typical soil management. In 
addition to the adoption of a rating scale with 100 as the top, this 
report shows two material developments: (1) a statement that the 
"soils are listed in the approximate order of their general productiv-
ity, the most productive first," and (2) a tabulation showing the acre 
yields which had been set up as a standard of 100 for each of the 
more important crops, i.e., corn, 50 bushels per acre; wheat, 25 
bushels; alfalfa, 4112 tons; etc. · 
Another basis of rating and standard of reference was used in 
the report covering the soil survey of Edgefield County, South 
Carolina, issued in 1938.' In this report the various soil types were 
rated according to their productivity with repeated use of amend-
ments compared to a standard of 100 which corresponds to "the 
productivity of the most productive soil (or soils) of the coun:ty* for 
that crop when soil amendments are used repeatedly." In other 
words, the ratings were on a county basis only, instead of on a 
regional or national basis as appearing in other reports issued about 
the same time. This basis of comparison tends to make the ratings 
of less value to those dealing with principles or broad areas. 
In the Franklin County, Pennsylvania, soil survey report issued 
late in 1938. the productivity ratings of the soil types (or map separ-
ations) were referred to a standard of 100 representing the most 
productive soil in the United States for the particular crop. A dual 
series of indexes was set up, one for inherent productivity and the 
other in parentheses for productivity under current practices includ-
ing the use of amendments.' This report, however, contains an addi-
tion to the rating scheme in that the soils were graded from 1 to 10 
on the basis of their inherent productivity, and on the basis of 
current practices. by weighting the crop production indexes by the 
apJ)rOximate percentages of cropland occupied by the respective 
crops. averaging the results, and making justified assumptions to 
*Underscoring added. 
'F. R. Lesh and others; Soil Survey, Edgefield County, South Carolina. [U. S.] 
Bur. Chem. and Soils, Soil Survey Rpt., Series 1935, No. 1. 56 pp., illus. Wash-
ington, October 1938. 
'H. W. Higbee, R. R. Finley, and others; Soil Survey, Franklin County Pennsyl-
vania. [U. S.] Bur. Chem. and Soils, Soil Survey Rpt., Series 1932, No. 31. 92 pp., 
illus. Washington. November 1938. 
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obtain reasonable results. This use of acreage as a factor in rating is 
of doubtful value to those interested in quality of land as separate 
from utilization. When the weighted average fell between 90 and 
100, the soil type was given a productivity grade of 1; between 80 
and 90. a grade of 2; and so on. This is a quality rating modified by 
crop acreage percentages. 
These variations in approach to the problem have been cited 
to illustrate some of the difficulties encountered and the shifts in 
the effort to make productivity ratings of practical benefit to the 
farmer and others interested in land utilization and valuation. They 
indicate an open-minded point of view, as has been brought out by 
Mr. Ableiter in his discussion of the problem and the recent refine-
ments in the methods used. 
There are some difficult problems to be faced in dealing with 
the productivity rating idea. Under field conditions soils vary widely 
in productive capacity within the type. · For example, the Marshall 
silt loam may be smooth. with a deep surface layer; or thin, eroded, 
and shallow. The Penn soils. as classified in the past, included areas 
of soils that are shallow, fiat, and poorly drained; some that are very 
gently rolling, well drained. and fairly productive; and others that 
are sloping, eroded, and shaley. While some such differences result 
in the establishment of new series, the breakdown cannot be so 
fine that soils of the same type will not vary considerably even on a 
single farm. Secondly, yields on soils of the same potentiality vary 
greatly with management including artificial drainage, use of soil 
amendments, and cultural practices, and it is not easy to separate 
the effect of management from the effect of the soil itself. On many 
soils a single rating figure is much more likely to be wrong than 
right. It is difficult to tie the rating to soil phases and to manage-
ment with precision. If there are three phases within a soil type and 
two degrees of management are allowed for, there will be six ratings; 
if rated for five or six different crops there will be 30 or more ratings; 
one of which would naturally grade into another. Under conditions 
mentioned by Professor Storie where there is a large number of 
crops, the number of ratings will be correspondingly large. Perhaps 
such detail is a development of the future. There seems to be a ten-
dency in that direction and it is. of course, in the direction of ac-
curacy. 
Average ratings are not unlike average acre values; they usually 
relate to a broad base, and hence are generally of little or no prac-
tical significance when a particular part of a property or area is 
under consideration. 
It is significant that all of these survey reports contain state-
ments reading about like this: "This rating or classification is not to 
be interpreted directly into land values." Even if the rating gauges 
production, other factors-geographic, economic, and social-need to 
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be considered in determining land values; and therein lies a further 
difficulty in applying rating systems of any kind to practical use in 
the field, especially so when land appraisal is involved. 
It would appear that the best index, and the one subject to the 
least danger in use is that of crop yields over a long period of years, 
in terms of the principal crops produced on the land under a definitely 
specified type of management and practice. One who knows that a 
piece of land under typical management produces an average of 50 
bushels of corn, 40 bushels of oats, or 2 tons of mixed hay based 
upon a record of production has a rating more accurate than any 
one figure that can be established. 
The principal use which appraisers find for soil productivity 
ratings is to study the tables to determine the adaptation of the 
various soils to different crops. For example, an appraiser working 
in Halifax County, Virginia, should obtain very definite benefits from 
studying the table which lists the soil types found in the county and 
shows their inherent productivity in terms of a variety of crops 
common to the area under the better farming practices which in-
clude the use of fertilizers, as customarily followed by the better 
farmers.' The appraiser learns from this table that as compared to 
standards for the United States as a whole Congaree silt loam rates 
as a top corn and mixed hay soil. He must, of course, consider that 
it is subject to overflow which may in a particular location be a 
serious handicap. He finds that Davidson clay loam is a top wheat, 
mixed hay, soybean, and fruit soil. He must recognize, however, 
that there are areas of Davidson soil which do not rate thus and that 
management has played an important part in the present productivity 
of any soil. And so the appraiser may review each soil type and 
study its adaptation to crops as a general rule to field studies after 
which he would better lay aside his rating table except for occasional 
reference. 
Occasionally an appraiser will attempt to place a rating on the 
soils of a farm in connection with his appraisal. Let us assume that 
in doing so he follows both the inductive and deductive methods; 
that is, he examines soil profiles and thoroughly investigates crop 
yields. After all, the description of the soil profile and the yields are 
important points in his valuation. Converting them into soil ratings 
may be helpful in summarizing soil qualities but it is doubtful 
whether it is worth the effort. As suggested above, average ratings 
are meaningless. If ratings are to mean anything . they must be 
detailed so that an appraiser who is doing a good job of rating the 
soils on a farm might have so many acres of Marshall silt loam with 
'See, Charles E. Kellogg: "Soil Survey and the Appraisal Problem," Proceedings 
Rural Group Sessions, National Appraisal Forum ... Joint Committee on Ap-
praisal Forum ... Joint Committee on Appraisal and Mortgage Analysis, Nov. 
19-20, 1937. Po. 10-16. Washington, March 1938. (Mimeographed.) 
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a rating of 80; a certain number of acres of the same type with a 
rating of 60; and still an additional acreage rated as 40; an acreage 
of Waukesha silt loam with a rating of 80; some Wabash soil, well 
drained and reasonably free from overflow rated, let us say, at 100 
in a corn .and hay country; and another area of the same type rated 
at 50 because of the defective drainage and frequent overflow. It is 
true that the appraiser who does a good job of appraising goes 
through some such classification procedure in establishing his acre 
values. His acre values, however, must reflect the farm unit and its 
setting as well as the productivity rating of the particular land area 
of the farm. It would seem that the procedure of first converting 
profile and yields into ratings and then establishing values would 
not be of any material advantage over going directly from profile 
and yield to value. There are many appraisers whose productivity 
ratings would be rather inaccurate and who would need to spend 
more time justifying their ratings than it would take them to justify 
their values directly on the basis of yields, farm unit, the setting, and 
other factors in value. 
Inclusion of yield data, as mentioned by Mr. Ableiter, in forth-
coming soil survey reports should be a step in the right direction. 
A range of yields tied to grades of management may be less mis-
leading than a single figure. For example, the Miller silty clay loam 
may be rated at 300 to 350 pounds of cotton under average manage-
ment and 400 to 500 pounds under high grade operation. Such data 
should be a useful check in considering representative areas of given 
soil types but if the appraiser relies too much upon them and does 
not make complete field investigations, they will be of harm rather 
than of help. That, of course, is a weakness in the appraisal and not 
in the survey report. 
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PRIMARY SOILS FEATURES CONSIDERED IN LAND CLASSI-
FICATION 
G. W. CONREY' 
Land classification is concerned with the classification of lands 
according to their capabilities for use. Bodies of land may be grouped 
according to their capabilities for use for crop production, grazing, 
forestry, mining, recreation, urban development and for other useful 
purposes. In the selection of land for any one of these purposes, the 
character of the soil is a factor of more or less importance, of least 
importance in mining, and greatest in the production of crops. 
The value of any soil, and consequently its place in land classi-
fication, depends almost entirely on its ability to produce plants of 
use to man. In crop production the soil functions in furnishing 
mechanical support to plants and in supplying water and plant nu-
trients. The first two are closely related to the physical nature of the 
soil, the last to its chemical characteristics. As far as the character-
istics of the soil determine the kind, amount and quality of vegeta-
tion they have significance in land classification. 
In evaluating the soil factor in land classification, consideration 
must be given to those characteristics which are significant in deter-
mining its use. All soil characteristics may be placed in two cate-
gories. 
(1) Internal, including all characteristics of the soil profile. 
(2) External, including all other soil characteristics and features 
such as relief, stoniness, condition of erosion, etc. 
It is essential to recognize the distinction between these two 
groups of characteristics. Occurring as they do largely below the 
surface, the first group in many cases may not be given adequate 
consideration. Moreover, certain of these features which are essen-
tially permanent in nature must be kept distinct from those that are 
transitory or subject to change. Although most of the physical fea-
tures are to a great extent permanent, certain ones are subject to 
change by man, and hence, should be kept distinct. Native vegetation, 
and the presence of loose, easily removable stones are in the latter 
class. 
To evaluate adequately a soil as a medium for plant growth it 
is necessary to give careful consideration to the characteristic, both 
internal and external. The internal characteristics-those of the 
soil profile-include physical, chemical and biological features, and 
these will differ in the various horizons of the soil profile. In fact 
it is largely differences in the physical characteristics that are the 
basis for the recognition of the various horizons of the soil profile. 
1Professor of A.11:ronomy, College of Agriculture, Ohio State University, Columbus, 
Ohio. 
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Color. texture, and structure are the most important of these. 
Other physical properties such as density, porosity, plasticity, shrink-
age and moisture relationships are closely related to these major 
physical properties and need not be discussed in detail here. 
Color is ·one of the most readily observed characteristics of the 
soil. Although, in itself it is not of much importance, as an indicator 
of both physical and chemical conditions, it is of very great signif-
icance. Only a few of these color relationships will be mentioned. The 
intensity of the dark color of the surface soil is with a few exceptions, 
closely related to the content of organic matter and of total nitrogen. 
Red and reddish-brown, yellow and yellowish-brown indicate good 
drainage and aeration. Gray or bluish colors may indicate poor 
drainage and aeration, as do mottled colors. In the interpretation of 
the significance of color. consideration must be given to the region 
in which it occurs, the topographic situation, the place of the color 
in the soil profile. A gray color for example may occur in a leached 
zone of a well-drained podzol soil, in a poorly drained soil, in a 
degraded prairie soil. or in a soil saturated with salts. 
Texture refers to the size of the individual particles of which 
the soil is composed. These particles, according to size. have been 
placed in three principal groups-sand, silt and clay. The textural 
classes are based on the varying proportion of these groups of soil 
particles. Soils. because of difference in text:.ire, vary widely in 
their physical properties, especially in their water-holding capacity, 
and their ability to supply moisture for the growth of plants. The 
clay fraction, including the colloidal material, plays an important 
part in chemical as well as physical changes in the soil. 
Structure refers to the forms in which the primary soil particles 
are arranged in the soil. The various conditions, described by such 
terms as granular. platy, blocky, nut-like, columnar, influence the 
permeability of the soil to water and air. to the penetration of roots, 
and the susceptibility to erosion by wind and water. The structural 
condition may modify very markedly the effect of texture, especially 
in fine textured soils. Structural conditions in the subsoil of certain 
clay pan soils seriously impair their productivity. 
The depth to rock may in some area~ become of extreme im-
portance. Where bedrock occurs within less than 36 inches, root 
development may be greatly restricted, and plant growth limited. 
The chemical relationships of the soil for the most part require 
a laboratory examination. Certain facts can be determined from an 
examination of the soil in the field. 
The reaction of the soil is, undoubtedly, one of the most im-
portant chemical characteristics related to the . use capabilities of the 
land. In humid regions an acid reaction is the normal condition. The 
undesirable effects of acidity in crop production is well known. For 
example, in the production of the most desirable meadow and pas-
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ture crops, a reaction only slightly below neutrality is most favorable. 
The effect of acidity on bacterial activity, especially nitrification and 
nitrogen fixation, is important. The solubility of most of the nutrient 
elements is favored by a neutral or slightly acid reaction. Where 
the soil is acid, lime in some form is commonly used to neutralize 
the acidity. 
Soils of high base status, in which calcium is the principal 
saturating base, are generally satisfactory soils in that they readily 
assume a granular structure, which insures good aeration and free 
percolation of water, and the organic matter is stable against leaching. 
Soils of this class occur generally in the subhumid and semiarid 
regions where there is insufficient rainfall for leaching. 
The depth to free calcium carbonate (tested with dilute hydro-
chloric acid) is an index to the extent of leaching in soils of humid 
regions derived from calcareous parent materials. In semiarid and 
arid regions the calcium carbonate in the subsoil may include ac-
cumulated, as well as native carbonates. Such soils are commonly 
neutral or alkaline in reaction of the surface layers. 
The "alkali soils" of arid regions include soils with a high salt 
content. Those in which sodium is the dominant exchangeable base 
may show undesirable physical properties such as defiocculation and 
a highly alkaline reaction. 
The organic matter content of the soil is highly important from 
the standpoint of crop production. It has a very favorable effect on 
the physical properties of the soil, and is the source of a large part 
of the available nitrogen and a portion of the available nutrients of 
the soil. The color of the soil can be used as an indicator of its 
content of organic matter. Murray' and his associates in Iowa have 
found that the depth of surface soil is a critical factor in determining 
corn yields when it is less than 8 to 10 inches. The relationships are 
different for the light-colored timbered soils of eastern United States 
than for the dark-colored prairie soils of Iowa and neighboring states. 
Soil is a source of nutrient elements required in plant growth. 
A measure of the ability of the soil to supply available nutrients has 
long been the goal of the soil chemist. Within recent years the so-
called quick tests are being used very extensively as an aid in 
determining the need for supplementing the soil's supply of the 
essential elements. The practical interpretation of these results re-
quires an intimate knowledge of the nature and requirements of the 
soil. 
In the use of the physical and chemical characteristics in the 
evaluation of the use capabilities of the soil, it is highly important that 
adequate consideration be given to all of the horizons of the soil 
'Murray, William G., Englehorn, A. J., and Griffin, R. A. Yield Tests and Land 
Valuation, Iowa Sta. Rev. Bul. 252, 1939. 
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profile, as well as to those of the surface soil. The nature of the 
subsoil may be of greatest significance in deciding on the possible 
productivity of a given soil. 
Along with these internal features are external relationships 
which also must be evaluated. At time they are given first consider-
ation to the exclusion of the internal features which may not be 
evident from a casual examination. 
Climate must be considered. The supply of moisture available 
for plant growth depends on the rainfall, and also on the physical 
character of the soil. The type of soil development is related to 
climatic factors including rainfall and temperature. 
Relief, including topography and drainage, are of prime im-
portance in land use. Steep, sloping areas may not be adapted to 
cropping because of the erosion hazard. The relative proportion of 
steep to smooth land must be considered. Small differences in relief 
may be of much greater importance in irrigation than elsewhere. 
Stoniness may limit the use of some areas. Certain morainic 
areas in glacial regions and also certain areas of residual soils are 
strewn with stones of such dimensions that they cannot be easily 
removed and hence, are not adapted to crop production. 
Erosion is a factor of greatest importance. Large areas of land 
have already been seriously damaged, if not ruined for profitable 
crop production, as a result of wind or water erosion. The potential 
possibility of serious erosion limits the use of many areas not now 
under cultivation. 
Vegetative cover, especially in virgin areas, may serve as a 
guide to the use capabilities of the land. 
Many of these external features along with certain economic and 
geographic factors are subject to change. This is in contrast to the 
physical features which are essentially permanent in character. 
The modern detailed soil survey fulfills nearly all of the require-
ments for the evaluation of the permanent physical features. Since 
the soil type, the unit of classification, is based primarily on these 
relationships a knowledge of them along with a consideration of cer-
tain external features such as relief, vegetative cover, and erosion 
is fundamental in any system of land classification. 
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DISCUSSION 
A. R. WHITSON' 
As was to be expected, Dr. Conrey has presented an excellent 
outline of the characteristics of soil as they affect the problem of 
land classification. 
The two past decades have added greatly to our knowledge of 
the complexities of the soil-both by direct field study in the process 
of soil mapping and by laboratory investigation. We realize now 
that like many men who "look well" but have some hidden cause 
of weakness, many soils that look good on the surface have defects 
which greatly lessen their productivity and their adaption to agri-
cultural use. 
This complexity is in part expressed by the number of soil types 
it is found necessary to make, but it is being still further added fo by 
laboratory investigation. And let no one think that these many char-
acteristics do not profoundly affect the problems of land classifica-
tion. If land classification is to have any practical value in directing 
the development of agricultural or other uses of this land, it must 
fully take into account the fundamental characteristics of the soil 
types. The relative adaption of different soils to different crops and 
therefore types of farming; their needs for specific fertilizer treat-
ment and methods of application and the great variation in soils in 
relation to erosion are only a few of the many aspects of soil char-
acteristics which must be taken into account in any comprehensive 
system of land classification. 
When Dr. R. I. Ely was developing his course in Land Economics 
at Wisconsin 30 years ago, he asked me to give a course of two or 
three credits for one semester which would cover the essentials in 
soils for his students. When I protested that such a course would 
be inadequate for the purpose and advised that they take at least 
10 credits in Soils, starting with the general course required of all 
agricultural students, he replied, "The student could not afford so 
much time"-out of three years representing sixty to eighty credits! 
But when at the close of the final oral examination of 0. E. Baker 
for the Ph.D. degree, Dr. Ely asked Baker what experience or course 
had been most helpful to him in his work at Washington, he promptly 
replied, "My experience on the Soil Survey in Wisconsin." For-
tunately the present head of our course in Land Economics, Dr. 
Wehrwein, is himself a graduate of the College of Agriculture and 
has a high estimate of the importance of a detailed knowledge of 
Soils in its relation to land classification. 
'Professor of Soils, College of Agriculture, University of Wisconsin, Madison, 
Wisconsin. 
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Importance of Agricultural Climatology 
The rapidly developing study of Pedology is throwing much im-portant light on the causes of the variations in soils above mentioned. It is now realized that these variations are to a large extent due to 
the processes of soil formation which largely depend on climatic factors. But climate not only plays an important part in producing 
complexity of the soil; it also directly affects the relative adaptation 
of different crops to different regions and also the yields which can be produced. 
Until the beginning of the present century adaptation of crops 
to the climates of the several states was learned chiefly by the ex-pensive method of trial and error. More recently many states, but 
especially the federal Department of Agriculture, have taken advan-tage of the know ledge gained by trial and error in older countries by the introduction of crops in specific American regions having 
similar climates. 
But much can still be done by recognizing the fact that all of 
the plants which have been selected for agricultural use had a long period of evolution in their original environment before selection by 
man and in this evolution the fundamental character of their climatic 
environment had a determining influence in developing their char-
acteristics as related to the climate. In the case of flax, potatoes, peas, and many truck crops far better success can undoubtedly be 
secured by the recognition of the above mentioned principle. 
I am mentioning these matters simply to emphasi.Ze the fact 
that detailed climatic relationships must be recognized as an integral part of Land in the broad sense and to point out that the study of these complex climatic relationships is now being given far from 
adequate attention. 
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LAND CLASSIFICATION IN RELATION TO THE SOIL AND ITS 
DEVELOPMENT 
1. Physical Aspects 
H. H. KRUSEKOPF1 
Land classification is an old practice, but it has not yet developed 
into an art. Methods, criteria and objectives in the numerous classi-
fication schemes are almost as varied as the number of individuals 
engaged in this enterprise. The increasing demand for land classi-
fication and the many and varied efforts being made to meet this 
need, make it imperative that standards be formulated for a com-
mon basis of approach. 
Land classification as used in this paper refers to the grouping 
of land into classes according to its capability and desirability for 
agricultural use. The soil is the primary basis,-and more specifically, 
-the physical attributes of the soil are the criteria for estimating 
the land qualities. The method of approach is inductive. The objec-
tive in land classification is to indicate the possible future and per-
manent use of the land, without regard to present or past utilization. 
It is an endeavor to estimate from a long-time viewpoint the limita-
tions and capabilities of the land to produce, its versatility for dif-
ferent crops, its durability for intensive use, and its capacity to 
respond to amelioration. 
A land classification according to these specifications could not 
have developed in the past because the necessary soil knowledge 
did not exist. Soil science has been evolving during the past fifty 
years, but it is only within the last two decades that many soil prin-
ciples have been established and that many soil phenomena can be 
interpreted as to their effect on plant growth. It is now possible to 
judge which attributes of a soil are fundamental and which are 
incidental. Soil classification has gone beyond the descriptive stage, 
and is now in the causal stage. It is now possible to interpret the 
relation of external features to internal processes. 
An established principle of soil science is that soils in their 
formation go through an evolutionary process generally referred to 
as development. Developmental processes are slow and must be 
reckoned in geologic time, but for that reason they impart funda-
mental characteristics to the soil that are stable and durable and 
that generally affect the entire soil mass. Processes of development 
·are universally operative but with varying degree of intensity for 
different climate, relief, and soil material. The degree of develop-
'Professor of Soils, College of Agriculture, University of Missouri, Columbia, 
Missouri. 
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ment is reflected in the phsyical and chemical · character of the soil, 
the nature of the profile, and more particularly in the structure, and 
in the properties of the clay material. Soils are dynamic systems. 
Their capacity to supply plant nutrients and to retain a favorable 
structure are dependent on dynamic processes. It is the great achieve-
ment of modern soil science that we can now interpret the develop-
mental features as they affect plant growth. Soil features induced 
by processes of development are the most significant in determining 
the productivity of the soil (but they also are the most difficult to 
evaluate. 
Three major stages in soil development are generally recognized. 
These are not quantitatively measurable but relative. They might 
be compared to the three stages in the life of men, namely; youth, 
maturity and old age. In man these stages are definitely fixed by 
governmental decree. Maturity begins at 21 and old age at 65. 
Soils in the youthful stage of development are generally char-
acterized by one or more features that are unfavorable to a higher 
type of land use. Such soils may be shallow, stony, have a high clay 
content, have poor internal drainage, have plant nutrients largely in 
insoluble form, and be unresponsive to fertilization. The potential 
fertility may be high, but productivity is erratic and uncontrollable. 
Youthful soils-excluding alluvial deposits-are relatively inexten-
sive, and generally are utilized for pasture. 
Soils that come within the mature class, comprise the vast ma-jority of the cultivated land. Stages in maturity range from early 
to late. It is in the early stage of maturity that normally optimum 
conditions of soil structure, depth, available plant nutrients, reaction, 
and of favorable moisture conditions prevail. These are soil proper-
ties generally associated with the higher land classes. In late matur-
ity the dynamic properties have declined and the soil has undergone 
a certain degree of degradation. This finds expression in more highly 
developed morphological and chemical features, such as poor struc-
ture of the surface soil, dense subsoil, low reaction and reduced 
capacity to supply or absorb plant nutrients. Observation indicates 
that the condition of early maturity in soils is associated with the 
higher land categories, and late maturity with lower categories. 
Soils that have attained old age in the stage of development have 
been leached of plant nutrients, especially such essential elements 
as calcium, magnesium and potassium. The absorbing soil complexes 
-clay and humus-have irrevocably declined. This in turn results 
in a lowered capacity of the soil to hold or absorb organic matter, 
which provides the life-giving nitrogen. Equally important is the 
development of undesirable physical properties, poor structure, low 
permeability, low moisture retention, and other features, unfavorable 
for plant growth. The significance of soil structure or morphology 
in relation to land use can not be over-emphasized. In general, when 
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soils have acquired an unfavorable condition of internal drainage, 
then soil amelioration also becomes uncertain and even futile. These 
various developmental conditions are known to the soil classifier and 
can be interpreted by him in relation to land use. 
It should be noted that old soils generally occur on old land 
forms and on areas of low relief. It might be concluded that the 
land classification would be in the lower categories, generally cor-
related with a use of forestry and grazing. It is now generally recog-
nized that old soils represent poor forest sites. This condition, asso-
ciated with a normally favorable topography, may explain why many 
of the old soil areas are classified as belonging to the group of "arable, 
but low productivity" lands. 
Soil development processes are positive and can never be put 
into reverse-they are always progressively destructive once the 
soil has passed the juvenile stage. Efforts at soil amelioration, such as 
adding lime or fertilizer, have the effect of retarding decline, and 
may even cause improvement provided the soil has not weathered 
beyond the stage of retaining a sufficient absorbing complex. If, 
however, the status of advanced maturity has been reached, then 
soil amendments act only as temporary stimulants, giving no assur-
ance of success in sustained production or intensive use. Soil man-
agement as a factor in judging land capability, becomes of less im-
portance as the stages in soil development become better understood. 
It is not within the scope of this paper to review the environ-
mental factors of climate, topography, geology and vegetation as 
these affect soil development. However, a few illustrations of how 
these factors relate to land conditions and to land classification are 
in order. 
Extremes in climate give rise to extremes in chemical and 
physical properties of the soil that are unfavorable to plant growth 
and land use. The podsols of the North, and the laterites of the 
. warm climate are soil conditions characterized by a low agricultural 
development. It is no mere coincidence that land classification, zon-
ing, and public ownership had their beginning and most active sup-
port in the New England and Lake states, where podsol soils are 
the norm over large areas. A high culture has never developed on 
the well developed upland soils of the warm humid regions. Laterite 
soils are characterized by a low actual and potential productivity. 
In these latitudes successful agriculture is confined largely to alluvial 
and other recent deposits. 
According to geographers, the islands of Java and New Guinea 
are the classic illustration of soil, land use, and cultural relation. 
Java, one-sixth the size of New Guinea, but covered with volcanic 
ash soil in youthful vigor, supports a dense population of 15,000,000 
at a comparatively high level of culture. New Guinea, pedologically 
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old and weathered, with a population of 1,000,000, has a culture of 
tree dwellers and grass skirts. 
The Cotton Belt of the southeastern states is rated as Problem 
Area No. 1. It is an area where less than one-third of all the land is 
in agricultural use, although the physiographic and Climatic con-
ditions for land use are as favorable as in any other part of the 
United States. It is a problem area and probably will remain so-
not because of a one-crop system, or erosion, or discriminating freight 
rates, or other man-made conditions-but primarily because of the 
soil conditions. The normal upland soils of the Cotton Belt by all 
tokens of chemical composition and physical structure, are in an 
advanced stage of development, and many have acquired almost 
insurmountable limitations for profitable agricultural use. An annual 
expenditure of more than $100,000,000 for fertilizer is man's effort 
to overcome the havoc wrought during decades of time. 
Throughout this region of mature soils there are many areas of 
relatively immature and even youthful soils. The most prominent 
of the latter is the Black Belt of Texas. Here intensive culture pro-
duces one-third of all the cotton in the United States. It is not the · 
size of Texas, but the size of the Black Belt that gives to the state 
its preeminence in the entire Cotton Belt region. 
The Corn Belt is the classic, large-scale good soils area in the 
United States. A combination of relatively recent geological ma-
terial. temperate climate. and low relief, has resulted in a soil area 
that maintains the most sophisticated system of agriculture to be 
found anywhere. 'rhe Corn Belt is not a region-it is a condition. 
It is a condition of relatively immature soils where both fertility and 
structure are near the optimum. On the southern edge of the ·Corn 
Belt, where the older glacial deposits occur, the soils have reached 
a more advanced stage in development. Here the· type of farming 
differs, the problems of soil management are more difficult and farm 
income averages lower. 
Soil development under different climates and different environ-
ments of cover, relief and geology results in fundamentally different 
soils. Such different soils. Such differences must be recognized in 
establishing criteria for land classification. It is obvious that the 
criteria for a land classification in the Corn Belt will not be the same 
as the criteria for the more highly developed soils of the Cotton Belt. 
In the former such physical features as topography, erosion, depth 
of soil, humus content and reaction will receive major emphasis. In 
the latter, textural and structural properties, color, drainage. and 
responsiveness to fertilization will be of primary consideration. Codes 
for a land classification from a national or even statewide viewpoint 
are difficult to define. Codes based on a small and relatively uniform 
pedologic region will tend to make land classification more exact 
and reliable. For each major soil region there should be a particular 
scheme of land classification. 
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One other illustration of soil and land class relationship is in 
order. In Missouri, the Ozark Region-so well known but so little 
understood-~epresents the oldest land form in the Mississippi Valley. 
The Ozark srils are in an advanced stage of development and in 
places have reached senility. There is much evidence that the lime-
stone soils when first formed were as productive as limestone soiLc; 
now are in other sections of the country. Although Missouri lies 
north of the Mason and Dixon line, the Ozark soils are frequently 
classified with the group of highly leached and developed soils of 
the southern states. A large part of the Ozark region is a land use 
problem area from both a state and national viewpoint. There is 
a diversity of opinion among foresters, conservationists, and land 
planners as to whether the desired land use should be for forestry, 
grazing, or "what have you." 
Every soil classifier appreciates the great variations in soils-
even in small non-mapable areas-that are due to variations in 
development. Such variations are not only of pedologic interest, 
but also usually have a significant effect on land quality and land use. 
A soil classification based on primary morphological features is, then, 
the most reliable basis for a land classification. For the purpose of 
land classification it is not necessary or even desirable to classify 
soils with the maximum load of land use meaning,-although this 
is the trend at the present time. It is, however, necessary to include 
·in each soil type description an interpretation of the morphological 
features as they may affect plant growth and land use. A mere 
profile description is not enough. The dynamic properties must be 
defined-from a land use viewpoint. It is here that the soil classifier 
has been grossly deficient. It is the reason why soil maps and reports 
were not understood, and why they did not meet the requirements 
of the land use planners. Inexperience on the part of the soil surveyor, 
and lack of appreciation that soil interpretation is a part of his task, 
are largely responsible for this condition. · · 
In recent years schemes for a combination soil-land classification 
have been attempted. The land capability classification developed 
by the U. S. Soil Conservation Service is the best illustration. In 
this scheme such external factors as slope and erosion are emphasized, 
and the more basic factors of soil structure and fertility are subor-
dinated. It is a classification by and for the soil conservator, with a 
restricted objective- mainly that of erosion control. To call it a 
capability classification may be misleading. The land planner re-
quires a classification that is based on both internal and external 
characteristics of the soil and that conveys a maximum of information 
about potentialities in land use. 
Man has over-reached himself in his efforts to utilize soils by dis-
regarding their limitations, or by his inability to recognize their 
potentialities. When failure threatens-as it now does in many places 
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-he resorts to amelioration, introduces new crops, or adopts new 
cropping systems. The tremendous expansion in the use of lime, 
is largely a belated recognition of a depleted soil condition that re-
quires correction if a successful agriculture is to continue. Attempts 
at rejuvenating old soils have generally resulted in failure or proven 
unprofitable. The more artifices required to make a soil productive 
the lower should it be in any system of land classification. 
Need for land use adjustments and the demand for land classi-
fication are greatest in regions of poor soils. In many areas any use 
of the land that destroyed the original vegetation, resulted in "prob-
lem areas". The land had sufficient fertility to maintain satisfactory 
forests or grass only so long as the reactions of forest or grass upon 
soil properties was maintained without interruption. On the other 
hand, it should be emphasized that the productivity of many soils 
has been maintained and even improved under continued use. Thus 
far we have gained a better understanding of the limitations than 
of the · potentialities of our soils for a higher and more intensive use. 
Emphasis is nowadays rightly laid on man as a soil influencing factor. 
Man's efforts to improve land will be most successful if he recognizes 
the capacity of the soils to respond to rational fertilizer and manage-
ment treatment. ·The features that enable us to determine these 
qualities in soil obviously should also be determining criteria in 
land classificatfon. An increasing refinement in agricultural practices 
is demanding an increased knowledge on land capabilities. It is 
the function of land classification to supply this knowledge. 
No attempt has been made to correlate stages in soil develop-
ment with land classes, and it is not probable that an exact correla-
tion can ever be established. However, there can be no doubt that 
as soil knowledge increases, and as land specifications become more 
exact, the soil development-land use relationship will be apparent. 
Recent attempts at grouping soils into catenas, or families, on the 
basis of maturity of the soil, will be a direct aid in land classification. 
Inexperienced soil surveyors may not be able to judge individual 
or local soils as to maturity, but there should be no difficulty in 
determining the general stage of development for any soil region. 
It can be concluded that realism in soil classification should be a 
factor in any scheme of land classification. 
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2. Chemical Aspects 
WM. A. ALBRECHT' 
Any natural classification in its simplest form is an arrangement 
of objects into groups according to similarities in properties, attri-
butes, relations, or other characterizing means. The characteristics 
serving as differentiating criteria must be easily recognized and must 
lend themselves to quantitative indication. They must be commonly 
accepted as the significant or important characteristics of the objects. 
They must be constant, at least for specified conditions. Land classi-
fication is difficult because we have not yet defined the term "land" 
well enough so that all can agree as to its properties (a) that are 
easily recognized and listed in terms of familiar unit values, (b) that 
are the distinguishing features about land, and (c) that are constant 
at all times. Because land, for the geographer is dry footing, for 
the economist it is the utilities supplied by nature as distinguished 
from developments resulting from human labor, and because for 
the agriculturist it is an area of soil that has distinct capacity to 
encourage plant growth, these widely different definitions make it 
difficult for all to agree immediately on the most important, most 
easily recognized, and yet constant characters about land that can 
serve as criteria for grouping portions of the great earth's surface 
into distinctly different classes to the complete satisfaction of every 
one concerned with land. 
May we not grant that land, in its most significant aspects and 
functions, is an agricultural asset, and that its largest value lies in 
its capacity to deliver essentials created by the complicated natural 
phenomenon of growth? If we are willing to take this, or the agri-
culturists viewpoint, may we not define agricultural land at least 
as the economic summation of man's management of the soil's pro-
ductive capacity for crops? We must grant that man and his man-
agement are not constants, but variable through as many possibilities 
as there are individuals. Hence man and his management must be 
excluded as criteria in land characterization, uni:il some social 
constants or other constants for human behavior have been estab-
lished. One man's management means all wheat farming; another's 
means all livestock; another's is all diversification; and another's 
is an attempt to keep ahead of the economic cycles, or recovering 
from the disasters of the last one. No stable classification can be 
given objects in terms of their use, when they permit uses as numer-
ous as the list of human idiosyncracies. As for the economic sum-
mation, this is also a human aspect. It involves, however, choices and 
•Professor of Soils, College of Agriculture, University of Missouri, Columbia, 
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desires of groups of humans rather than those of merely one indi-
vidual. This leads toward some degree of stability in criteria because 
of larger numbers. It lends itself to calculation as a mathematical 
mean or an average. It can be tabulated at least by statistical meth-
ods or in terms of population factors. 
Much less human, much less artificial and certainly far more 
natural, however, is the soil productivity aspect in this agricultural 
picture of land. The question then presents itself, can we not classify 
land by cataloging the soil productivity? Can we define productivity 
and limit it in terms of readily recognized soil properties, by meas-
urable simple units, and by tangible quantities even in spite of the 
fact that it may include a vagary so fickle as the weather? Since 
soil is the one aspect of land that has a large semblance of constancy, 
and since soil is a natural body, we may well set for ourselves the 
task of beginning by classifying the soil and its variation in degree 
of development to see whether this may not lead us to some begin-
nings in land classification. By degree of development we shall con-
sider the relative extent to which the soil body has progressed in 
the natural chemical changes experienced in passing from the original 
rock and mineral toward true solution and disappearance. 
Soil productivity is its capacity to deliver plant products. This 
capacity is determined by the soil fertility, or ability to deliver plant 
nutrients coupled with the seasonal weather conditions of the environ-
ment. If we search farther for constant and determinable characters, 
we must grant that the producing power of no soil can go beyond the 
soil fertility during the growing season from which and by which 
the crops are made. This reasoning brings us to a soil property im-
parted by nature. It is a property that limits the land in its output. 
It excludes the human and economic factors. Land classification, 
according to fertility of the soil, is what may be called a natural 
classification. Natural classifications have, up to the present, been 
the most successful. They have, however, not been entirely free from 
controversy as Darwin's arrangement of the species, for example, 
which has been so eminently helpful in zoological thinking for many 
years, demonstrated as late as but fifteen years ago by the Scopes 
trial in Tennessee. 
Man's management of soil can do little or much with this fer-
tility but this does not deny constancy of the fertility. The same soil 
fertility may reflect wide variations as economic summations. But 
yet it is innate to, or inherent in. the land as a body itself. It can 
be a criterion for classification if it can be interpreted in terms of 
units of general understanding and wider acceptance. Man's man-
agement and the economic summations, though superimposed on the 
soil fertility, are fluctuating because of the unappreciated, and un-
measured supply of soil fertility. They will eventually be standard-
ized according to the different soil fertility levels. Eventually agri-
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culture will be a farming business of such types as suits the soil 
fertility rather than as it fits the whim or fancy of the farmer. A 
land classification scheme begun now according to the · characteris-
tics of the soil rather than according to man and his changing eco-
nomics will be looking ahead to more refined divisions and classi-
fications of lands in the future. 
Lands are already grouping themselves by what is erroneously 
credited as man's best management and maximum service. These 
groupings are in reality accorded the better possibilities for a given 
soil fertility level, but only as evolution of short experience to date 
has found them. Can you imagine it purely a case of depraved 
appetite, or a pure whim, that a Scotchman eats oatmeal porridge or 
makes rye rather than corn whiskey, when his granitic soil, laden 
with slowly decomposing organic matter, and with a short, cool 
season delivers its fertility at such rates. kinds and total amounts 
as to grow oats and rye to greater yields than corn and other cereals? 
Does the Englishman insist merely arbitrarily on producing horses, 
beef and mutton. or is his soil fertility more effective when operating 
in grass production level that can be converted into human satisfac-
tion most serviceably through animals? Recall, if you please, the 
olive trees on the rocky soils of Italy, the grapes in Greece, ft.int 
corn with its higher protein content in the North and the starchy, 
low protein corn of the South. These all seem like items of tem-
perature, but temperature i.n terms of its determination of the soil 
fertility more than of the growth of the plant. Remind yourself that 
along a constant temperature line you have in Kansas hard-winter, 
high-protein wheat that becomes a soft. low-protein, winter wheat 
of poorer bread making qualities in Missouri with a soil fertility 
prevailing under higher rainfall. Too, mineral-rich, high-protein 
alfalfa is shipped from the Dakotas and the West for commercial 
feed production in Missouri, and the difference in feeding value pays 
the transportation costs with a profit. Corn grows in Illinois; cotton 
and sugar can grow in Louisiana. Here you say the weather deter-
mines the crop, but it does so only indirectly. Rather the weather 
or climate makes the soil. It determines the soil fertility, and in the 
course of evolution only those agricultural activities survive which 
will use the fertility level of the soil more efficiently. When this 
efficiency is recognized as premised on the soil fertility , and when 
we know how to recognize and evaluate soil fertility, the economics 
will not be so discouraging, at least not to the landowner or even to 
the land classifier. Our desire to take more and more from our soils 
by our intensified mining processes, rather than an appreciat ion of 
the declining virgin store of fertility is the large disturbance in our 
thinking through the land classification problem. 
The climate. rather than the soil, has commonly been credited 
as casual to different agricultural pursuits in different areas. Casual 
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significance is readily ascribed to climate when it registers its effects 
too readily in terms of human comfort or discomfort. We have only 
recently come to appreciate the fact that it is the soil as a product 
of those climatic forces that must be given the importance. The soil 
fertility, or the degree of the soil development as it determines the 
fertility, is directly in control of production, while climate enters 
only indirectly. The level of the fertility of the soil controls pro-
duction and determines the range of plant possibilities. Move the 
Dakota soil into the Louisiana climate and it produces alfalfa; but 
can alfalfa be grown in Louisiana for the scattering of the seed as 
is the case in Dakota, Nebraska. or Kansas? Move Louisiana soil to 
Dakota and it will not produce alfalfa except as there is supplied 
the deficient soil fertility. Kansas hard wheat brought to Missouri 
becomes soft wheat. but make up the difference in soil fertility by 
which Kansas soils are less leached than those in Missouri, and the 
Missouri soils will give us a hard wheat. 
Soil fertility is the controlling factor in crop production, but 
its significance has been covered by our crop juggling without know-
ing how closely crop composition reflects that fertility. Climate and 
the weather have entertained us by their variation rather than lead 
us to see their results reflected in the soil development. We have 
ironed out the idiosyncracies of weather and catalogued our results 
as climate. This is accurately measured. It is a tabulated natural 
force. We need now to progress a step farther and see the results 
of this catalogued natural force in the degree of soil development 
corresponding with it. We can see the soil fertility level as the one 
side of the equilibrium equation in which climate is the other. 
Climate determined the degree of soil development, or the extent 
to which the original rock has made successive steps in simplifica-
tion toward true solution, or in moving from land toward the sea. 
This degree of development represents the extent to which rock 
minerals have been broken down mechanically and chemically to 
provide the plant nutrient store in the soil and to develop the clay 
content as means of holding these plant nutrients in plant usable 
forms. Degree of soil development designates the extent to which this 
nutrient-holding clay fraction is saturated with essential nutrients 
and to which it may have been depleted of its basic nutrient store 
by replacement with hydrogen to give acidity. Finally it determines 
the extent to which this clay may have been broken down into 
simpler compounds and · have been even removed from tht soil to 
give little nutrient holding capacity and little source of nutrients. 
As these attributes are appreciated and understood, we shall have 
a basic measure of production. It will place the land in its proper 
fertility level. It locates it into the proper plant-climate category 
because the soil development reflects the rainfall-temperature con-
ditions. A land classification using the very soil itself provides a 
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• criterion beyond which there is none more fundamental. and on top 
of which all the others are superimposed and on which they are 
dependent. 
Should we break down the degree of soil development further, 
we might list the parts within the soil that indicate different degrees 
of development as they offer more or less nutrients, or soil fertility. 
These would include: (1) the organic matter content as its decom-
position rate in tune with seasonal conditions gives up with some 
loss the plant nutrients of past plant generations for reconstruction 
of the .new plants; (2) the exchangeable- nutrients held by the organic 
matter complex as taken from chemical decomposition of both 
minerals and organic matter; (3) the exchangeable nutrients held 
by the clay fraction as caught up from mineral or organic matter 
decomposition and (4) the nutrient reserve in the mineral crystal of 
the finer or silt fraction of the soil. The sum total in kind and amount 
of nutrients delivered during the season is not only a matter of the 
amount in stock in plant exchangeable form at any one moment. It 
is also a matter of the rate of decomposition of the organic matter, and 
of the rates by which both organic and mineral colloids can replenish 
from mineral crystals in the finer silt, their store of exchangeable 
nutrients as removed by the plant growth. Soil productivity is then 
a result of (1) organic matter, (2) amount of clay, (3) kind of clay, 
(4) degree of base saturation of the colloidal fraction, and (5) reserve 
of nutrient-bearing minerals in the finer silt fraction. These are 
the soil constituents that reflect the degree of soil development and 
determine the soil productivity which is the basic criterion in classi-
fication of agricultural land. 
Soil development is then mainly a matter of the extent to which 
water as the universal chemical reagent has acted on the original 
rocks and minerals to move them nearer to true solution. Degree of 
development is a rough measure of the extent to which this change 
has transpired. Arid regions whether hot or cold, give a soil made up 
largely of rock fragments. Increasing water forms additional ma-
terials of finer size from the rocks; encourages organic matter addi-
tions, and develops distinct soils. Still greater amounts of water 
will remove nutrients of crop production service, while excessive 
water means depleted soils and lowered supply of essentials for 
plant growth. Putting it graphically with increasing amounts of 
effective water as the ordinate, we can plot a rising curve of pro-
ductivity becoming a falling curve as there are higher amounts of 
water acting on the soil, or as excessive soil development occurs. 
Should we start at about longitude ll0° West and move eastward 
across the United States from this western point to one at about 85° 
West longitude, we should move from an annual rainfall of 10 inches 
to one of 60 inches. If temperature is reduced or increased by going 
northward or southward, the effectiveness of the rainfall would be 
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decreased or increased. respectively, according to Tun't Hoff's law. 
Such a passage would go through most all degrees of soil develop-
ment. It would move from a low point of soil fertility and produc-
tion to a high point, and then again to a low one. With these changes 
there are related measurable and recognizable changes in organic 
matter; in the clay; in its degree of saturation; and in the reserve 
of nutrient-bearing minerals in the soil. 
Organic matter, which is the key unit in soil fertility, varies. in 
amount and kind over this rainfall range. It is low in arid soils, 
increases in going eastward with more rainfall until at about 25 
inches to 30 inches of precipitation it is at a maximum to impart 
the dark color to the black soils. for example, of the eastern Dakotas. 
Increasing rainfall and increasing temperature give the soil less of 
the organic matter, and one of different chemical composition. Organic 
matter, like that in the Dakotas, liberates mineral nutrients and 
nitrogen on decay. That in the humid areas and those of high rainfall 
are mineral deficient. and offer no significant amounts of nitrogen for 
release beyond the demands of the bacteria decomposing it. Organic 
matter of the semi-humid area reflects its origin in legume growth, 
or at least in nitrogen-rich crops. Increasing degrees of soil develop-
ment mean less value of it as a contributor to production of plants 
of high animal feeding value. The organic matter of the soil is a most 
helpful soil character in land classification in terms of its produc-
tivity. 
Increasing rainfall and increasing soil development mean increas-
ing clay content in the soil. Arid soils are sandy; semi-arid ones are 
less SQ. Humid soils contain clay and with still greater soil develop-
ment there may be formed a claypan layer in the profile. Excessive 
soil development, encouraged by higher temperature may remove 
much of the clay and give soil of more desirable mechanical behavior. 
While the amounts of clay are varying with increasing soil 
development. the chemical natures of the clays are also different. In 
one region soils may not be developed sufficiently to have enough 
clay for more permanent production, while in another they may be 
so highly developed that the clay has been simplified to the point 
where it fails to serve the main function of clay, namely for retention 
of plant nutrients in exchangeable form. In Missouri, for example, 
the clay is of a stable nature and the amount in the soil is significant. 
Even though it has lost much of its nutrients through excessive soil 
development and their replacement by hydrogen to give soil acidity, 
yet this clay offers permanence to use with our restoration of fer-
tility by addition of plant nutrients to the soil. The soils with clays 
of lateritic nature are deficient in these capacities. They are of dif-
ferent composition as shown by their ratio of silica to aluminum and 
iron; and they will not hold or deliver plant nutrients in comparable 
degree. These southern soils will not become so acid, though they 
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may be highly deficient in calcium as animal and human nutrition 
indicate. 
As soils have undergone more punishment through continued 
extraction by the chemical reagent water, they have lost more of 
their nutrient reserve in the silt fraction. Particles of sand size are 
always made up mainly of quartz and offer no nutrients. Weathered 
soils thus carry more quartz in the silt fraction and less of the 
minerals other-than-quartz, which are of plant nutrient possibility. 
These other-than-quartz minerals lose their nutrient cations by 
reaction with the hydrogen of the acid clay and acid organic matter 
so that as soils develop acidity in the clay, they also lose the reserve 
of nutrients in the mineral fraction of slightly larger than clay size. 
Soil development with acid clay formation is then a depletor of 
nutrients from both the clay and from the silt. 
All of these soil properties are measurable in terms of common 
units. They are fixed and commonly recognized properties of the 
soil. They can serve as helps in classification of land when produc-
tivity is considered as the important criterion. Unfortunately, how-
ever. soil properties have not been of universal interest, nor are 
they always readily comprehensible, not even to students of the soil. 
They are then not commonly taken as the criteria of the vegetation 
which the land produces. We commonly reason in the reverse 
with reference to cause and effect by judging the land or soil as 
determined by the vegetation rather than judging the soil and from 
that predicting the vegetation. 
As a consequence it may be well to inject here the picture of 
the vegetation. Before doing so, however, let us remind ourselves of 
some fundamental principles of plant physiology. Legumes which 
are highly proteinaceous, require lime, and phosphate, and make 
high demands on the soil for minerals. For these reasons of their 
composition, they are excellent feeds, particularly for growing ani-
mals. Woody plants give a potash lye from their ashes because 
potassium dominates their physiological function of carbohydrate 
manufacture. Here is a basic help in connecting soil development 
and type of vegetation, when the presence, or absence, of calcium 
in exchangeable form, particularly in relation to potassium, is so 
nearly a measure of soil development and is apparently so dominant 
in control of the type of vegetation prevailing. Arid soils with 
alkalinity have not developed sufficiently to provide ample calcium 
and are therefore improved for such crops like alfalfa by liming. 
Semi-humid soils of the chernozem-like type in the Dakotas are 
heavily saturated with calcium. They are black and are rich in 
nitrogen. Here the calcium encourages legume growth, nitrogen 
fixation both symbiotic and non-symbiotic, and consequently, rapid 
organic matter accumulation through carbon retention by the nitro-
gen, even though at the same time it encourages rapid organic matter 
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decomposition. In these soils then calcium dominates and calcophilous 
crops dominate. Alfalfa, a lime-requiring crop, is common, not so 
much because of its adaptation to the temperature and rainfall but 
because the nutrient offerings by the soil correspond to its nutrient 
demands for growth. Calcophilous plants are protein-rich and the 
prairie grass clinging to calcium-bearing soils likewise produces vigor-
ous animals as indicated by the blemish-free broncho or the sturdy 
steer, both of which can stand up under all the punishment to which 
the western weather and the cowboys subject them. 
Calcium-bearing soils may be sufficiently developed so far as 
calcium delivery is concerned, but may be insufficiently developed 
to have worked over enough rock to concentrate the phosphorus-
bearing compounds amply for good crop production. This is sug-
gested by the increase in corn yield from phosphorus application 
in Iowa's late Wisconsin glaciation, and by North Dakota's twenty 
year experience emphasizing phosphorus as the only effective soil 
treatment and that with results such as making the rainfall 32 per 
cent more effective. It likewise suggests an explanation for the 
phosphorus-deficiency diseases in Utah cattle when fed a ration of 
an alfalfa hay and beet pulp. 
Prairie vegetation will probably be explained eventually on 
basis of soil fertility rather than fires when the degree of soil develop-
ment and climate are fully understood. The prairies are seemingly 
located in the larger geographic areas and smaller seemingly erratic 
areas representing distinct soil conditions. They disappear with 
higher degrees of soil development, with higher calcium depletion, 
with more clay production and with a dominance of the potassium as 
the nutrient offerings by the soil. Here in the potassium, according 
to fundamentals of plant physiology, is the carbohydrate-crop-pro-
ducing ·agent. Though a clay may be acidic and delivering insufficient 
calcium, it still delivers potassium. Potassium is not reduced to the 
same degree in the soil's delivery as is calcium, under the increased 
soil development. Hence even our excessively developed and depleted 
soils may produce woody plants, at least those with root penetration 
as extensive as that of the trees. Forest vegetation is then an index 
of a high degree of soil development and forest soils are correspond-
ingly deficient in calcium, more so than in phosphorus and potassium. 
Legumes are grown on them with only calcium application. This 
treatment encourages plant intake of phosphorus as indicated by 
increased phosphorus harvest by liming. Animals reflect deficiency 
diseases, particularly as regards calcium in their forages when fed 
phosphorus-rich grains .as forage supplement. Such diseases are 
commonly corrected by the soil treatment of liming. 
With higher and excessive degrees of soil development, the 
clay's exchange capacity may be reduced. As the clay is more lateritic 
in going toward tropical climates, it is highly devoid of absorbed 
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nutrients other than potassium even though it has not taken on 
hydro.gen to become acid. On the more nearly lateritic clays the 
mineral-rich or protein-rich legumes are not common. Rather such 
crops like cotton, a cellulosic carbohydrate producer, and sugar cane, 
a saccharose, carbohydrate manufacturing plant, are dominant. In 
soils for such crops the ratio of potassium to calcium has become 
extremely wide. The protein-producing, mineral-bearing legumes 
have disappeared. Animal and human deficiency diseases are ram-
pant. Even the Missouri mule imported at maturity to such soil 
regions suffers mineral shortage in spite of the fact that it forgoes 
the privilege of reproduction and escapes the maternal mineral 
sacrifice for offspring's sake. Vegetation then is a reflection of the 
degree of soil development and its record when properly read ought 
to be an excellent help in land classification as premised on soil 
productivity. 
Soil and its development certainly are basic to any land ciassi-
fication serving agricultural purposes. Perhaps the difficulty lies not 
in an inability as classifiers, but in our lack of acquaintance with 
the more readily visible properties of the body of the soil as these 
reflect inherent crop production possibilities, or such with particular 
soil treatments. When by means of the soil survey we once have 
classified our lands into soil types as revealed by observable soil 
characters, and when such soil characters are fully understood as 
they indicate the soil's capacity to provide plant nutrients, it will 
be no great task to classify our lands in terms of their innate capac-
ity, or the costs of supplementing their capacity to produce via 
vegetation, the most economic returns under standard soil manage-
ment practices. With continued study on the part of all those inter-
ested, and with some element of patience for the slowness with 
which our own respective viewpoints are accepted, there is still hope 
that a helpful scheme of land classification for the United States 
may eventually be evolved. 
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DISCUSSION 
RICHARD BRADFIELD1 
As Dean Miller has indicated, I feel quite at home here at the 
University of Missouri. My professional career was launched here 
under the joint tutelage of Dean Miller and Professors Krusekopf 
and Albrecht. Because of this friendship of over twenty years stand-
ing I feel free to pass over hastily the many points upon which I 
agree with the authors and shall discuss almost exclusively the 
points upon which there are differences of opinion. 
I think we are in complete agreement in our conceptions of soil 
classification as contrasted with land classification. Soil classifica-
tion is based largely upon the physical and chemical properties of the 
soil profile. It is largely an analytical process based upon physical 
and chemical characteristics. most of which can be measured in at 
least a semi-quantitative way. I like, and accept for the purposes of 
this discussion. Krusekopf's definition of agricultural land classifica-
tion as a "grouping of land into classes according to its capability and 
desirability for agricultural use". It is largely a synthetic process, 
based upon a mental weighing or judgment of the contribution of 
(1) soil. (2) climate. (3) location, etc. to agricultural utilization and 
value. In regions which have been settled for a long time the experi-
ence of several generations of farmers is of great value as an inte-
grator of these complex relationships. Because it involves social and 
economic factors which are difficult to extrapolate very far into 
the future. land classification is bound to be r.1ore ephemeral than 
soil classification need be. Since it is based on the inherent physical 
and chemical prol?erties of the soil profile. features, which are ordi-
narily quite stable over a longer period of years, a soil classification 
is more stable and more basic. A carefully made soil classification, 
in many regions at least. might not need much revision after one 
hundred years. I am inclined to think that a land classification made 
today would be a historical curiosity 100 years from now! But I 
reserve the right to change my mind on this point at the end of this 
conference. 
Krusekopf and Albrecht both emphasize the idea that soils are 
always subject to slow but irreversible evolutionary processes refer-
red to collectively as soil development. They pass successfully 
through stages corresponding roughly to youth, maturity, and old 
age. Productivity increases from youth to maturity as the parent 
rock decays, humus accumulates arid physical properties improve 
But the process of depletion by leaching continues and eventually 
'Professor of Agronomy, New York State College of Agriculture, Cornell Univer-
sity, Ithaca, New York. 
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the forces of degradation outweigh the forces of soil building and 
the soil then heads slowly, irreversibly toward old age. The rate 
of development varies widely with both the nature of the parent 
rock and the intensity of climatic conditions. Age, as used in this 
discussion, is measured not in years but in _morphological features. 
There are many differences in opinion among soil scientists regard-
ing this concept of degree of development. Since it is a concept 
derived by a study of the morphology of the soil and since the inter-
pretation of these morphological features in terms of "age" is still 
a subject of dispute, why not use morphological features directly 
jn evaluating soil factors in land classification? Should we not use 
the observed and measured facts directly in our classification instead 
of a derived concept such as stage of developments, upon which there 
may be considerable difference of opinion among the experts? My 
Missouri friends emphasize the idea that once maturity is re8:ched 
in a soil that further change is "progressively destructive", "degre-
dation is inevitable", "the process cannot be put in reverse"! If we 
are thinking in terms of geological or astronomical time units, they 
may be right. I am, however, too short sighted to be deeply moved 
by such arguments. Destruction must precede construction. The 
products of degredation of one material are the building blocks of 
a newer structure which is better adapted to the changed environ-
ment. Lime, potash, phosphate are leached from the soil. They do 
find their way into the ocean. But who are we to say that they are 
less useful there? The farmers of the seas might not agree! If lime 
had not been leached from the original igneous minerals we would 
have no limestone for our chemical industry. for our construction 
industry, for our A.A.A. program. If potash had not been leached 
from the original potash minerals we would not have the Stassfurt 
deposits nor the enormous reserves in New Mexico. If phosphorus 
had not been washed from the original rocks we would be without 
the deposits in Florida, Tennessee and the West. I think we can 
all feel glad that in earlier cycles of weathering we had soil depletion 
with the resulting segregation of the products of weathering which 
are the life blood of modern industrial development. But is there a 
danger that in the present cycle of weathering, that our soil reserves 
will become so depleted of essential minerals that the agriculture 
of the future will suffer? I think not. An inexhaustible potential 
supply of all the essential mineral elements is underfoot over a very 
high percentage of our agricultural land. An inexhaustible supply 
.of nitrogen is overhead all of it. Under wise management I cannot 
but feel a satisfactory and economic solution to the maintenance of 
soil productivity can be found. There is no doubt that the produc-
tivity of many of our better farms in the East is higher than it was 
a generation ago and farmers have found the operation profitable. 
One danger must be considered. If the S. C. S. realizes its ambition 
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fully and keeps every drop of water where it falls and every grain 
of soil in its present location, thus completely arresting the rejuv-
enating forces of erosion, by blocking the way to this inexhaustible 
reserve of essential minerals in the subsoil, the pessimism of Albrecht 
and Krusekopf may well be justified. 
I am inclined to give much more weight to climatic conditions. in land classification than my colleagues.· An unfavorable climate 
will go a long way toward offsetting the advantages of a very fertile 
soil. The climatic conditions most favorable for the development and 
maintenance of soil fertility are by no means the same as the climatic 
conditions most favorable for a diversified agriculture. In fact, farm-ing on some of our most fertile soils is extremely hazardous because 
of the vagaries of the climate of the region. Modern man demands 
a wide variety of agricultural products. He is not content to live on 
the "bread alone", supplied by the highly fertile soiis of the cher-
nozem belt. He demands an occasional blueberry pie, which only 
the depleted acid soils of the more humid region can supply. 
Krusekopf calls attention to the large fertilizer bill in the Southeast. I wonder if the inhabitants of the soil-depleted Southeast 
would swap their fertilizer bill for the drought bill of the last decade in the region of soils . of inexhaustible fertility? Most crops require 
a liberal supply of both plant nutrients and of water for profitable growth. If water is very plentiful, soils rriay become depleted and lime and fertilizer become necessary. If there is not enough rainfall 
to produce some leaching or "aging" of soils, there is not enough 
to enable most crops to take advantage of the bountiful supply of fertility. 
Krusekopf states that "man and his management must be ex-
cluded as criteria in land classification". I agree with this statement in part. I am inclined to think that the economists who classify land on the evidences of prosperity around the farmstead are often inclined to attribute to the land virtues or faults which should properly be ascribed to management. I have seen a good Pennsyl-
vania Dutch farmer buy a fair farm and in ten years convert it into 
a good farm. and I have seen a hillbilly tenant farmer do the reverse. The land was similar in both cases and we can't change our classi-fication every ten years. On the other hand, I can conceive of two farms equal in native productivity, one of which will respond to good management while the other will not. Such differences in 
responsiveness to good management need to be carefully w~ighed in land classification. I agree that more should be done to interpret 
our soil maps. This is a secondary matter, however. The primary 
objective must be to properly classify and map soils on the basis 
of soil profile characteristics. This type of classification is objective. It is based upon what we can see and measure. Interpretation from 
the standpoint of land use is more subjective, much more dependent 
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upon the training and vision of the mapper. The interpretation will 
have outlived its usefulness long before the soil classification. 
I do feel, however, that a more serious effort should be made 
to coordinate all of the mapping and classification work that is 
being done by the state and federal governments. In New York 
State, for example, if present trends are continued we shall have 
for many of our counties : 
(1) Topographic maps prepared by the U. S. Geological Survey. (2) Aerial photographs prepared in connection with A.A.A. pro-
grams. 
(3) Soil maps prepared by the Bureau of Plant Industry and 
Soil Conservation Service, and state cooperatively. ( 4) Land class maps prepared by the Department of Agricultural 
Economics of the Experiment Station. 
(5) Land Use Capability maps prepared by S. C. S. in cooper-
ation with the Bureau of Plant Industry and the states in 
most· cases. 
(6) Soil and Field Crop Management Bulletins prepared by the 
Department of Agronomy of the Agricultural Experiment 
Station. 
Most of these maps are on a different scale, so that comparison 
between them are difficult. There is much duplication in the sup-
plementary explanatory bulletins accompanying the maps and there 
are occasionally conflicting statements. Can't we work out a more 
economical and more effective way of doing the survey work and of 
publishing and interpreting the results? 
In conclusion I want to insert one additional plea. Let us provide 
in some way plenty of elasticity in our planning. We are new at this 
planning game. Different people have very different ideas about it 
today and many of them will have different ideas tomorrow. 
Less than 20 years ago I recall Dean Miller referred in his 
Presidential Address before the American Society of Agronomy to 
the views of Dr. East (as expressed in his book "Mankind at the 
Crossroads") that "the Malthusian law still applies and that our 
future population will be limited only by the amount of food avail-
able for sustenance". (Jour. Amer. Soc. Agron. 16, p. 758, 1924.) Since 
that time we have "killed little pigs" and indulged in other experi-
ments aimed at the reduction of our surplus of agricultural products. 
Now another world war is in progress. How it will effect the demand 
for agricultural products, at least temporarily, is difficult to predict. 
Under the circumstances is it not wise to keep a reserve of marginal 
land in grass in such a state that its productivity can be maintained, 
possibly even increased, and at the same time in such a state that it 
can be quickly and economically brought under the plow when 
needed? 
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LAND CLASSIFICATION AS AN APPRAISAL AND CREDIT AID 
A. B. LEWIS1 
Federal land banks, life insurance companies, other corporations, 
and private individuals are engaged in making first mortgage loans 
to farmers on land of many different grades of productivity. If loans 
are to be successful, they must, in each land class, be adequately 
secured by the value of the farm real estate, and they must also be 
within the capacity of farmers to repay out of income. Studies of 
farm management and agricultural credit, based on economic land 
class maps, have yielded much that should be of value to borrowers 
and lenders in adjusting the size and terms of loans to the produc-
tivity of the land. 
Economic Land Class Maps 
Agricultural land varies, it is well known, in respect to the out-
lay which its production will reimburse, that is, in the intensity of 
use to which it is adapted. Studies have shown that all participants 
in production share in the consequences of this fact. Land class 
maps, therefore, which divide the land into areas according to the 
intensity of use to which it is suited, are of immediate concern to 
farmers, to their creditors, and to all the many others who con-
tribute to agriculture in the hope of a return. 
Economic land class maps, so far as is known to the writer, were 
first prepared in New York State by Cornell University. The first 
map covered Tompkins County and was published in 1933. Since 
that time, maps have been made for 17 other New York counties, and 
similar work has been taken up by several of the other State agri-
cultural experiment stations.' In connection with credit studies, the 
Economic and Credit Research Division of the Farm Credit Admin-
istration, often in cooperation with agricultural experiment stations, 
has made economic land class maps in selected counties in several 
different parts of the country. ·· 
The areas into which an economic land class map is divided are 
not smaller than . the usual size of farm of the locality, since the 
complete farm is the basis on which income is produced and capital 
'Senior Agricultural Economist, Economic and Credit Research Division, Farm 
Credit Administration. 
1The Cornell University Agricultural Experiment Station has published economic 
studies of land utilization (including land classification) for the following 
counties in New York State: Tompkins, Broome, Genese.e, Monroe, Wyoming, 
Montgomery, Tioga, Steuben, Cortland, Chautauqua, Chemung, Chenango, 
Rensselaer, Clinton, Yates. The Delaware Agricultural/ Experiment Station 
has published an economic study of land utilization (including land classi. 
fication) for Kent County, Delaware. 
BULLETIN 421"--LAND CLASSIFICATION 59 
is maintained. Areas may cover a good many square miles, but 
seldom has a township been found so homogeneous as to include 
less than three distinguishable economic land classes. 
Intensi:ty of Use as a Basis for Economic Land Class Maps 
Differences in intensity of use are of two kinds: Regional and 
local. Differences between regions in respect to factors which in-
fluence the productivity of the land and the intensity with which 
it may be used can often be offset, or even more than offset , by 
contrary adjustments in the farm population per square mile. In 
arid or semiarid regions, for example, where the product from each 
acre is of comparatively low value, farmers may be able to obtain the 
income from a sufficiently greater number of acres so that the income 
per farmer will equal that to be obtained in a more humid and 
productive region. 
Within the framework of the general intensity of use which 
pertains to the region, there are local variations in the productivity 
of land which determine the intensity of use for which small areas 
are suited. Farmers cannot readily offset these local differences in 
productivity by contrary adjustments in the area from which they 
obtain their family incomes. The local type of farming, which is 
determined by such regional factors as the climate and the accessi-
. bility of markets, may forbid expansion of the area of farms without 
increasing expenses correspondingly. The physical factors, such as 
roughness of topography or poor drainage, which originally deter-
mined that the land would be poor, may in themselves also help to 
prevent any profitable expansion of the area of the farm. Because 
of these difficulties, it is as common to find the largest farms on 
the best as on the poorest land within a county. 
Local differences in the intensity of use to which land is adapted 
thus express themselves largely in terms of the annual incomes 
received by all those who depend on the land for a living, more than 
in terms of the number of persons per square mile of farms. Local 
differences in economic productivity are, therefore, of the greatest 
importance to farmers and to all others who contribute to agricultural 
production. These are the differences which economic land class 
maps are :ineant to measure. 
Defini:tion of Economic La'1d Classes 
i 
Economic land classes are commonly numbered from Roman 
numeral I upwards, as the intensity of use to which the land is 
adapted increases. The two lOwest classes, I and II, are below the 
economic margin for arable farms, that is, the income that can be 
produced will not be sufficient to maintain the capital required for 
the occupancy of such farms. In arid or semiarid regions. land classes 
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I and II usually are adapted to grazing, while in forested regions 
their best uses usually are for forestry -and recreation. 
In areas of land classes III, IV, V, and higher classes, productivity 
is high enough to justify continued use of the land for arable farm-
ing. Land in class III will repay only the most extensive agricultural 
use consistent with the type of arable farming in the area, and can 
be expected to provide only the minimum farm income which is 
necessary to maintain occupancy of the land. Farmers in land classes 
IV, V. and successively higher classes are able to earn successively 
higher incomes from class to class and to accumulate and maintain 
successively greater amounts of capital per farm. 
Although a certain land class in one region will have a different 
absolute intensity of use per acre from that of the same land class in 
other regions. the meaning of the land class designation in terms of 
the relative opportunity for farmers to earn money and accumulate 
capital is approximately the same in all regions. 
Methods of Making Economic Land Class Maps 
The methods by which economic land class maps are made are 
described in detail in experiment station bulletins and memoirs and 
need not be discussed here at length.' Areas are outlined, and at the 
same time their classification is determined, principally on the basis 
of variations in topography, soil, present use and state of cultivation 
of the land, and the size and condition of farm buildings. Since 
these factors are links in a continuous chain of causes and effects, 
they are seldom found to conflict. For the same reason, arbitrary 
weights are not needed and are not employed in considering the 
different lines of evidence. Instead, when apparent conflicts of 
evidence occur, investigation is undertaken in an attempt to resolve 
them. U. S. G. S. topographic maps, aerial photographs, soil maps, 
land use maps, road maps, and maps classifying farm and other 
properties are used as sources. These are always supplemented and 
checked by further field observations on the part of the person who 
finally draws the land class boundaries. 
Methods used have been varied in detail to suit the conditions 
encountered in different regions, and the money available for dif-
ferent studies, without altering in any way their fundamental nature. 
'Lewis, A. B., Methods Used in an Economic Study of Land Utilization of Tomp-
kins County and in Other Similar Studies, Cornell Agricultural Experiment 
Station Memoir 160, 1934. 
La Mont, T. E., Land Utilization and Classification in New York, Cornell Agri-
cultural Extension Bulletin 372, 1937. 
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Relation of Economic Land Classes to Income and Capital on Farms 
Numerous studies of farm businesses in different land classes 
have been and are being made.' These studies have shown that on 
arable farms the earnings of farm laborers, the labor incomes of 
farm operators, and the interest returns to landlords are greater in 
each higher than in any lower land class. As would be expected 
under these conditions. the value of farm capital per farm and per 
acre is also greater in each higher than in any lower land class. The 
data cover various years from 1908 to the present. 
Recent studies by the Economic and Credit Research Division 
of the Farm Credit Administration have gone farther, investigating 
the relation between income. capital, and debt-paying capacity of 
the farms in different land classes. These studies, together with com-
parisons of mortgage loan experience, bear directly on the problem 
of adjusting loans to the productivity of the land. 
Land Classification and Land Valuation 
Newfane-Olcott Area. New York 
Professor G. P. Scoville of Cornell University began to obtain 
farm business records from farmers in the Newfane-Olcott area, 
Niagara County, New York, in 1914, covering the 1913 crop year. 
Each succeeding year, Professor Scoville and students under his 
direction have continued this work. With his kind permission, some 
of the valuable data assembled for the 25 crop years, 1913 to 1937, 
were used as the basis for a study of the relation between the income 
received by farmers and the value of their farms. 
The Newfane-Olcott area, a little larger than a township, is a 
part of the fruit belt that borders the south shore of Lake Ontario. 
The principal crop is apples, but peaches are also important. 
All records were obtained by the survey method. Using a pre-
pared blank an enumerator visited each farmer and obtained his 
report, in great detail, on items of acreage, production, income, ex-
pense, and valuation for the previous year. The majority of the 
farmers gave most of the information from memory, although a few 
kept accounts. 
Valuation data, which are very important in this study are, of 
course, always estimates, unless they are records of actual sales. In 
this study each farmer was asked what price he would give for his 
present farm if he were to buy it from someone else. Put in this 
form, the question avoids the upward bias which would be present if 
farmers were asked the selling price of their farms. 
•Tyler, H. S., Factors Affecting Labor Incomes on New York Farms, Cornell 
Agricultural Experiment Station, Bul. 401, 1939. 
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Farmers were not specially encouraged to change the valuation 
of their real estate from year to year. Increases and decreases in 
this item were made entirely on the initiative of the farmers. 
In December 1938. in preparation for this study, the land in the 
Newfane-Olcott area was classified according to the intensity of 
use to which it is adapted. Land classes III, IV, V, and VI were dis-
tinguished. Land class III is adapted to continued agricultural use, 
but of a comparatively extensive kind, while land class VI will 
repay very intensive farming methods. The higher the land class 
the better is the average farmer's opportunity to earn an income and 
to accumulate farm capital. 
By means of a map showing farm boundaries, individual farms 
on which business records were available were classified according 
to the land class in which they were located. Annual records obtained 
during the 25 years and used in this study totaled 3,411. These were 
well enough distributed among land classes to provide a good sample 
of farms, . except in the earliest and latest years in land class III. 
The 3,411 ·records were obtained on 463 different farms. Individual 
farms therefore provided, on the average, about 7 annual records 
each, during the 25-year period. 
Relation of Income to Capital on Farms, 25-year Averages.-
Farms in land classes III and IV were smaller than those in land 
classes V and VI (table 1). In this area, the possibility of expanding 
the size of fields and farms is the better on the more productive land, 
because of more favorable topography and greater freedom from 
poorly drained spots. The total intensity of use of the land by farm 
operators rose in accord with the classification from $23 an acre 
in III to $59 in VI. The total intensity is the total farm expenses 
per acre plus a charge for interest on the total farm capital. 
One of the effects of increased productivity is an increase in the 
number of men who attempt to obtain a living from the farm. In 
the Newfane-Olcott area, the number of men per farm, including 
the operator. hired laborers. and one to represent the landlord, ranged 
from 2.5 in land class III to 3.7 in land class VI (table 1). The returns 
per man, which is the average return available for the year for each 
of these men, averaged $272 in land class III, and was successively 
higher in each higher class, reaching $801 in land class VI. 
The average of the four percentages which returns per man were 
of total capital in the four land classes was 3.34 per cent. When 
returns per man were capitalized at this rate, the resulting estimates 
of total capital came within 10 per cent of the average ·of farmers' 
own statements of . the value of their ·capital, in every land class 
(table 1). The total capital included the value of land, buildings, 
livestock, equipment, and supplies. · 
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Table 1-SOME CHARACTERISTICS OF FARMS IN D IFFERENT LAND C LASSES, 
NEwFANE-Or,con ART!A, NIAGARA CouN'TY, NEw YoRK 
25-YEAR AVERAGES, 1913-1937 
· Land class 
Item 
III IV v VI 
Total acres per farm 
·-·---···----------------------------
62 63 81 87 
Total intensity of use of the 
land, per acre' 
-------------------------------------
$23 $33 $40 $59 
Number of men' 
--------------------------------------------
2.5 2.7 3.1 3.7 
Returns per -man' 
------------------------------------------
$272 $421 $697 $801 
Returns per man capitalized 
at 3.34 per cent' __________ _____________ ., ____________ $8,144 $12,605 $19,371 $23,982 
Total capital per farm' ··- ·------------------------ $8,497 $12,197 $17,789 $26,283 
Capitalized returns in per cent 
of actual capital 
------------------------------------
96 103 109 91 
Returns to capital' • ••••H••••••••••••••••• ••••••••• ••••• •• -$233 $102 $662 $1,262 
Returns to capital capitalized 
at 1.66 per cent' 
-------------------------------------
-$14,036 $6,145 $39,880 $76,024 
Capitalized returns in per cent 
of actual capital 
----------------------------------------
-165 50 224 289 
'Total farm expenses plus interest on the total capital at 3.21 per cent divided 
by the number of acres in the farm. 
'The operator, paid and unpaid laborers, plus one to represent the owner of 
capital, or landlord. 
'Total returns available for all labor and capital, divided by the number of men. 
'This rate, 3.34 per cent, is the arithmetic average of the ratios of returns per 
man to total farm capital per farm for the four land classes. 
'Total capital comprises the value of land, buildings, livestock, equipment, and 
supplies. 
'Calculated by subtracting from the returns available for all labor and capital, 
the actual wages of paid labor, est imated wages of unpaid labor, and a valua-
tion of the operator's labor equaling the average yearly wage of hired men in 
the particular year. The residual was called returns to capital. 
'This rate, 1.66 per cent, is the arithmetic average of the ratios of returns of capital 
to total capital per farm for the four land classes. 
The importance to credit agencies of the relationship between 
returns per man and capital cannot be overestimated. It is a means 
of explaining actual differences in value as between different grades 
of land. The net income available to the owner of the capital of a 
farm, in consideration of which the value of the capital is maintained, 
is a share of the total available for all those who depend on the farm 
for a living. It is proportionate to the total dividend available to all 
men who depend on the farm for a living, divided by the number 
of men. 
This method of estimating the net returns available for the 
maintenance of the value of capital is strongly at variance with that 
customarily employed. Customary calculations would value the labor 
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of the operator at hired men's wages in each year, and subtract this 
value and actual wages of hired labor from the dividend available 
for all labor and capital. This may be called the residual or sub-
traction method of estimating net returns to the owner of capital. 
By this method, the returns to capital were found to range from 
-$233 in land class III to $1.262 in land class VI (table 1). According 
to these calculations, farms in land class III would be valued at less 
than nothing, and farms in land class VI would be valued at almost 
thrice their actual worth. 
Users of the customary method of calculating net returns to 
capital, observing its failure to produce reasonable results, have 
offered the theory that good land is undervalued and poor land is 
overvalued by tax assessors, bank appraisers, resident farmers, and 
buyers and sellers. Exchange values or careful estimates of them, 
however, must be accepted as true values, if the concept of value 
is to mean anything useful. The lack of correspondence between 
residual returns to capital and actual capital must be due to a failure 
of the conventional theory to account for the true relation between 
income and capital, rather than to a universal and perpetual error 
on the part of those who value farms. 
Twen:ty-five-Year Trends in Land Values.-Differences in capital 
per acre as among the four land classes persisted strongly throughout 
the 25-year period (figure 1). Although the land was not classified 
until 1938, distinctions mapped then had been effective for at least 
a quarter century. 
Percentage changes in the value of the different grades of land 
were very similar (figure 2). It stands to reason that general causes, 
such as climate and prices, should cause equal percentage increases 
and decreases in the value of different economic classes of land, pro-
vided the type of farming, as in this instance, is the same in all land 
classes. An outside influence acts upon the value already existing, 
and changes the 100 dollars worth of capital represented by 5 acres 
of poor land to the same extent as it changes the 100 dollars worth 
of capital represented by one acre of good land. The physical area 
involved is of no importance. 
Rela:tion Be:tween Re:turns per Man and Capital per Farm over 
a Twenty-five-Year Period.-Average index numbers of the value of 
total capital per farm measure changes in the value of farms regard-
less of the productivity of the land (figure 3). Comparison with an 
average index number of returns per man indicates that returns 
rose and fell in advance of capital, and that fluctuations in returns 
were generally more violent than those· in capital. 
This relationship was to be expected. Farmers and others value 
the assets of a farm in consideration of their expected returns, which 
are based in turn on past experience. In forming expectations for 
the future. farmers and others naturally consider something besides 
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the experience of the current year, and do not revise the valuation 
of their capital to the extent of every current change in income. 
The true power of returns per man over capital is shown when 
a six-year geometric average index number of returns is compared 
with an index number of total capital (figure 3). During the period 
1918 to 1937, the value of total capital moved in close agreement 
with the average of returns per man for the current and the five 
preceding years. · 
Yearly averages of the four land classes with respect to returns 
per man were capitalized at 3.21 per cent, and compared with yearly 
averages of the four land classes with respect to actual capital per 
farm (figure 5). There was very little difference between the average 
estimate of capital per farm and the real average capital for the four 
land classes. 
The rate of 3.21 per cent was used in capitalizing returns per 
man because it was the 20-year average percentage that the four-
land-class average of returns per man was of the four-land-class 
average of total capital per farm. Further studies, in different parts 
of the country, will be necessary before geographical variations in 
this apparent rate of interest can be mapped and before the factors 
related to variations can be discovered. Perhaps the rate at which 
the net income to the owner of capital is capitalized into the value 
of a farm is not necessarily the same as the gross rate of interest on 
farm mortgages. 
Relation of Returns per ,Man :to Labor Expenses per Farm.-
Average annual wages of hired laborers rose considerably with the 
rising intensity of use to which the land was adapted (figure 6).' 
Mobility of labor is sometimes expected to prevent such differentials, 
especially within as small an area as that under consideration. Mobil-
ity of labor, however, can assure higher wages only to those workers 
who actually move into a higher land class, where the resources per 
person are greater. The mere possibility of moving cannot make 
the wages of those who remain on the poorer lahd equal to wages 
on better land. 
The year-to-year trend in wage rates in all land classes was some-
what less flexible than the trend .in returns per man in the Newfane-
Olcott area. Farmers removed the discrepancy by varying the amount 
of labor hired. The total labor expenses per farm, therefore, moved 
rather closely in line with the six-year geometric average of returns 
per man for the current and previous 5 years (figure 7). Thus. the 
share of income going to hired laborers was adjusted to fluctuations 
"Labor expenses per hired worker were calculated by dividing the total wages 
paid all laborers (regardless of the period for which they were hired) and 
the estimated value of unpaid labor (except that of the operator) by the 
number of paid and unpaid workers on the farm for a year (except the 
operator). · 
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in the total available dividend in the same way as was the share 
allotted to the owners of capital. Assuring a constant number of 
laborers in the area depending on farms for a living, the average 
annual income per available wage worker would move up and down 
at the same rate as land values. 
Four-land-class average index numbers of total capital per farm 
and total labor expenses per farm followed closely similar trends, 
although short-time changes were more noticeable in labor expenses 
than in capital (figure 8). 
In:terrela:tions be:tween Income, Capi:tal, and Deb:t-Paying Capaci:ty 
When a farmer owns his farm clear of debt he enjoys an income 
as operator and an income as owner of the capital, and bases his 
living on the total. When, because of a mortgage, a portion of the 
ownership lies in other hands, a sacrifice in living is required to pay 
out in cash a part of the returns of ownership, and a further sacrifice 
is required to gain or regain full ownership by repaying the loan. 
The loan-paying capacity of a farm, assuming an average farmer, is 
therefore dependent on the income that will be available from which 
to make sacrifices and the willingness of farmers to make them for 
the end in view. 
The total income available from which to make sacrifices in 
paying debts is greater in relation to the capital on a good than on 
a poor farm. This principle, long apparent to many students of farm 
management and economic land classifications, is evidenced by data 
obtained in a land classification and farm business study of Fred-
erick County, Maryland, now being completed by the Economic and 
Credit Research Division of the Farm Credit Administration. 
Differences in total capital per farm as between land classes 
in Frederick County were in proportion to the returns per man, as 
they were in the Newfane-Olcott area. Capitalized at their average 
percentage of total capital, 4.03 per cent, returns per man came 
within 10 per cent of matching actual total capital in each land class. 
On the basis of farmers' estimates of the value of their real 
estate in land classes II, III, IV, and V, maximum legal Federal land 
bank loans would be about 900, 2,600, 4,200, and 7,000 dollars, respec-
tively (table 2). Payments on these debts, however, would require 
twice the proportion of the operator's net cash income in land class 
II as in land class V. More important, the cash available for the 
operator's family living above the debt charges would range from 
only $167 in land class II to $3,069 in land class V. 
If loans were made in proportion to the full ability to pay with-
out curtailing family· living, no loans would be made on the average 
farm in land class II, as compared to a loan of $38,000 on the average 
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farm in land class V. Loans would range from nothing in II to 183 
per cent of the value of real estate in land class V. 
Table 2-RELATION oF THE V ALUE OF REAL EsTATE To MAxIMUM F°EJ)ERAL 
LAND BANK LOANS IN DIFFERENT LAND CLASSES, 
FREDERICK COUNTY, MARYLAND, 1938 
Land class 
Item 
III IV v VI 
Value of real estate: 
Land ------------------------- -------------------------------------- $1,336 $3,806 $5,838 $9, 716 
Buildings ------------------------------------------------------ 1,293 3,653 6,283 11,008 
---------------
-
To ta l ----------------------------------------------------- $2,629 $7,459 $12,121 $20,724 
Maximum Federal land bank loan 
(50 per cent of land plus 20 per cent 
of buildings) -------------------------------------- $927 $2,634 $4,176 $7,060 
Annual payment (34:\12-year, 4-per cent 
loan; $54 per $1,000) ------------------------------- $50 $142 $226 $381 
Net cash income ------·---------------------------·--------- $217 $780 $1,560 $3,450 
Per cent payment is of cash income -------- 23 18 14 11 
Cash remaining for family living ---------- $167 $638 $1,334 $3,069 
Cash living costs1 ---- - - -------------- -------·------- - - - ----__ $;_4_13 __ --'$_6_94 ___ $_98_8 __ $.;...l_,3_9_8_ 
Net cash income above . the cost of living -$196 $86 $572 $2,052 
Maximum loan that could be made 
without reducing living expenses ____ 0 $1,593 $10.593 $38,000 
Per cent of the value of real estate -----·---- 0 21 87 183 
1Estimated on the basis of studies conducted by the Bureau of Home Economics, 
United States Department of Agriculture, in Lancaster County, Pennsylvania, 
and in three counties in Ohio, in 1935. 
In practice, of course, loans above, say, 75 per cent of the value 
of the real estate would not be made in any land class, because of the 
necessity of having security against contingencies. Furthermore, the 
average loan made would never equal in practice the maximum loan 
possible. With these qualifications it may be stated that the adjust-
ment of mortgage loans to the economic productivity of land requires 
that average loans be a smaller percentage of a reasonable valuation 
of assets in the lower than in the higher land classes. 
Loan Experience 
Loan experience studies indicate that in practice Federal land 
bank loans. at least, have been the same percentage of appraised 
value on all grades of land, within any one county. A rough average 
of findings for 23 counties in 9 states, in which each county is weighted 
equally, indicates practically no association of the loan ratio with 
the land class (table 3). 
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Loans were apparently made on the basis of the common theory 
that capital receives a residual return after labor has been reimbursed 
at the same rate on all grades of land. Working backwards, from 
capital to income, the appraiser has assumed the net income to 
capital on a 5,000-dollar farm to be $250, compared to $500 on a 
10,000-dollar farm. He has further assumed the average annual 
returns to labor on the two farms to be equal, and capable of support-
ing a worker's family. He has therefore made loans on 5,000-dollar 
farms that were exactly half as great as loans on 10,000-dollar farms. 
Table 3-AVERAGE; RELATION BE'!'WE:EN EcoNOMIC LAND Cr.Assi;;s, THE; RATIO oF FEDERAL 
LAND BANK LOANS TO THE; APPRAISE;D VALUE OF FARM REAL E STATE, 
AND THE PERCENTAGE; OF LoANS FORECLOSED, IN 23 COUNTIES IN 9 STATES1 
Number of Ratio of loan to appraised percentage of 
Land class counties with value, in percentage of loans 
data available average for the county foreclosed 
I 
---------------
14 100 45 
n 
------------------
20 99 33 
m 
-·------------
23 100 27 
IV 
--------- ------
22 100 16 
v 
-------- ------ --
11 101 11 
'The nine states are North Dakota, New York, Maine, Georgia, Maryland, Wis-
consin, Mississippi, Virginia, and Nebraska. 
All the loans included, except in one county, were made prior to 1932, and fore-
closures included all those that had occurred up to the date of the particular 
study, such dates ranging from 1936 to 1940. 
In makin.i:i the averages, data for individual counties were weighted equally. 
Weighted averages for studies were weighted according to the number of 
counties included. 
The averages have significance only as comparing land classes. The absolute per-
centages of foreclosure are h igher than for all land bank loans, because many 
of the studies were made in distressed areas. 
Under these conditions, the percentage of loans which failed, as 
indicated by foreclosures, naturally was considerably greater in the 
lower than in the higher land classes' (table 3). A part of the dif-
ference was due in some areas to a tendency to overvalue the poorer 
in relation to the better farms, but differentials in the appraised 
value of farms as between land classes appear in most areas to have 
been about in line with differentials that farmers would have re-
ported. 
Use of Land Class Maps in Lending 
The chief value of economic land class maps to lending agencies 
at present is their usefulness in studying. the relationships between 
'The absolute rate of foreclosure is not to be taken as representative of land 
bank loans in general, because many of these studies were made in problem 
areas. 
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the economic productivity of the land, farming returns. farm capital, 
and loan-carrying capacity. Data already available call seriously 
into question the most fundamental of the economic ideas on the 
basis of which loans are usually made. 
Borrowers and lenders also can learn, from the technique of 
making land class maps, considerable of value regarding the external 
indications of economic productivity. They can apply this knowledge 
in appraising farms and areas where no land class maps exist. 
Since economic land class maps are available for only a few 
counties, their present total value in direct appraisal work is neces-
sarily small. Wher~ they exist they are not a substitute for a careful 
appraisal of an individual farm, but they can be used to good effect 
by borrowers and lenders in arriving at an understanding of the 
normal or usual loan-carrying capacity of far~s in an area, from 
which deviations must be made to suit individual cases. The under-
standing of the normal and the making of deviations from it depend 
on more than knowing what land class a farm is in. They also re-
quire a knowledge of the land economic principles for which studies 
of land classification, farm management, anc;t credit have found 
evidence. Many more such studies are needed in order that the new 
knowledge which they have yielded may be verified and extended. 
DISCUSSION 
A. A. DOWELL' 
The objective which Mr. Lewis has in mind appears to be to 
determine the extent to which a particular type of economic land 
classification can be used as an aid in the appraisal of farm real 
estate for credit purposes. After explaining briefly the type of land 
classification used, the analysis proceeds on the basis of the follow-
ing assumptions or hypotheses: (1) All participants in production 
tend to share equally in the productivity of agricultural land; (2) 
the total capital per farm on farms in different economic land classes 
varies in proportion to returns per man; (3) exchange values or .care-
ful estimates of them must be accepted as true values ; (4) owners' 
estimates are a satisfactory measure of exchange value; and (5) 
good land is not regularly undervalued and poor land overvalued 
by tax assessors, bank appraisers, resident farmers, and buyers and 
sellers. 
At the outset it may be well to state that I am in full agreement 
with the main conclusion reached by Mr. Lewis; namely, that while 
Professor of Agricultural Economics, College of Agriculture, University of 
Minnesota, University Farm, St. Paul, Minnesota. 
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economic land classifications are of value to lending agencies in that 
they give some indication of relative productivity, they can not be 
used as a substitute for a careful appraisal of each individual farm. 
Questions arise, however, regarding some of the hypotheses upon 
which the analysis is based. 
The assumption that all participants in production tend to share 
equally in the productivity of agricultural land leads Mr. Lewis to 
the adoption of a formula whereby the total number of men is ob-
tained by adding one to the operator plus paid and unpaid laborers. 
The extra man represents the owner of capital or landlord, who, 
according to this formula, shares equally in , the returns with the 
operator and other laborers. By dividing total returns for all labor 
and capital by the number of men so calculated and capitalizing 
the resulting returns per man at a uniform rate (the arithmetic aver-
age of the four percentages which returns per man were of total 
farm capital per farm in the various land classes) he obtains a total 
capital per farm which is in close agreement with the owners' esti-
mates. Total capital includes the farm real estate, livestock, equip-
ment and supplies. This interesting result raises a number of ques-
tions. First, does it necessarily follow that a uniform capitalization 
rate applies to each type of capital included under the heading of 
farm capital? Farm mortgages lending agencies are interested in 
returns to the real estate rather than in the return to other types of 
farm capital. Second, is it true that the returns to the operator, to 
the owner of the capital, and to other labor remain constant through 
time? If this is the case it follows that either the income both to 
the operator and the owner of capital must rise with rising real 
wages or the amount of hired labor must be reduced in proportion 
to the rise in real wages, so that the relationship between total labor 
expenses and total capital is maintained. In the latter event, the 
formula used in determining the number of men, among whom the 
total product is to be divided, is disturbed and the calculated value 
of the total farm capital is increased. A third question arises con-
cerning the variation in farm wage rates as shown in Figure 11 of 
Mr. Lewis' paper. According to this figure, the rates were about the 
same on each land class from 1913 to 1916, but varied greatly from 
about 1922 to 1931 and again following -1932. Annual labor expense 
per hired worker during 1937 varied from about $400 on land class 
III to nearly $800 on land class VI. The explanation given for this 
wide variation within a radius of 3 or 4 miles where the same type 
of farming is practiced does not appear to be entirely adequate. 
Assumptions that exchange values or careful estimates of them 
must be accepted as true values, and that owners' estimates are a 
reasonably satisfactory measure of exchange value appear to be 
sound. A farm is worth what it will bring on the market. However, 
lending agencies and investors are not interested solely in the price 
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at which a particular property may be sold. For example, lending 
agencies are justified in making a higher loan per acre on a typical 
class VI 240-acre corn belt farm than on a class VI 80-acre farm in 
the same area. Investors have found that returns are relatively higher 
on the 240-acre farm than on the 80-acre farm, because of higher 
per acre expenses for the maintenance of buildings, wells and other 
improvements on the smaller acreage. Both lenders and investors 
realize that the operator and other laborers have first claim on the 
gross returns. 
It is probable that owners' estimates were in fairly close agree-
ment with sale prices of farm real estate during the boom which 
culminated in 1920. In some parts of the corn belt, sale prices at that 
time were about double the capitalized value of the current net-
incomes, when net cash rents were used as the basis of net incomes 
and these incomes were capitalized at the current mortgage rate of 
interest. About half of the sale price was represented by speculative 
value. Many loans, on all classes of farms, which appeared to be 
conservative on the basis of the then current sale prices or estimates, 
subsequently resulted in foreclosure. The method used by Mr. Lewis 
would have given a calculated total farm capital value which would 
have been in close agreement with current sale prices, but a loan 
of 50 per cent of the value of the land and 20 per cent of the value 
of the buildings would have been excessive even on farms in the 
highest land class. 
The assumption that good land is not regularly undervalued 
and poor land overvalued by tax assessors, bank appraisers, resident 
farmers, and buyers and sellers, deserves further consideration. 
While such appraisals or estimates may be in line with current sale 
prices, it does not follow that these values can be used as a satis-
factory guide to lending agencies or to investors in farm real estate. 
Mr. Lewis is in agreement with this conclusion, which is supported 
by the data in Table 6 which is included in his paper. These and 
other data lend support to the common opinion that poor land 
usually is overvalued from the standpoint of lending agencies. It is 
for this reason that loans must be based upon a lower proportion of 
the exchange value on poor farms than on good farms as Mr. Lewis 
suggests. 
One criticism of the analysis presented. by Mr. Lewis is that it 
is a static approach to a dynamic problem. Lending agencies are 
interested in the relative returns to the various factors of production 
in the future rather than in the past. They are interested in the past 
only to the extent that it may serve as a guide to future developments. 
The latter determine the success or failure of current, long-term 
lending policies. Changes in technique have affected and may be 
expected to continue to affect the proportion of the total product 
accruing to the land and buildings.· For example, improvements in 
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transportation and communication have tended to improve the rela-
tive position of distant areas compared with areas nearer the poi.nt 
of consumption. Improvements which reduce per unit costs without 
increasing the output per unit of land have had the same effect. 
Improvements which increase the output per unit of land at a uni-
form percentage rate on all grades of land, such as hybrid corn, 
have the opposite effect. Such developments have an important 
effect on land values and, hence, are of concern to both lenders and 
borrowers. Changes in technique that call for an increase in the 
size of farms and improvements which add to the amenities of farm 
life without increasing the productivity of the farm; also may be 
expected to affect the proportion of the total returns accruing to 
lending agencies and to landlords. 
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DISCUSSION 
R. I. NOWELL1 
I have studied Mr. Lewis' paper with great interest and I was 
particularly impressed by his charts showing total capital per farm 
in different land classes as well as the gross returns by land classes. 
Since these two factors have maintained a rather consistent relation-
ship over the twenty-five year period, it suggests that his land classi-
fication map reflects significant differences in productivity of land. 
I find myself in complete agreement with Mr. Lewis' conclusion that 
poor land cannot safely carry as large a percentage loan as can good 
land. 
At this point Mr. Lewis and I part company. From the data 
presented I cannot see how he reaches his conclusions. His statistical 
procedure bothers me. I see no justification for including one man 
for capital on individual farms. For example, let us asume two 
farms of equal productivity located side by side in the same land 
class containing 100 and 200 acres respectively. We know that the 
large farm will require almost twice the capital of the small farm. 
According to Mr. Lewis' formula the labor income per man on the 
large farm must be almost twice as large as on the small farm. This, 
of course, is unrealistic. Much of his discussion assumes immobility 
of labor. I doubt if wages will vary as much as indicated in this 
area or as between farms of different sizes in any given land class. 
Mr. Lewis infers that mistakes in farm credit practice are 
traceable to a fundamental error in computing land values by the 
residual method. I doubt if the residual method of computing returns 
to capital has been used extensively outside the classroom. Few 
appraisers have been hampered by computing residual values to 
capital. Most loans have been based on exchange values. Mr. 
Lewis' data for Frederick County, Maryland show that the land 
bank appraisers correctly appraised land values in the different 
land classes. The mistake was made in recommending loans at a 
fixed percentage of the land value on all land classes, and also in 
following the market in times of boom prices as well as in depression 
levels. 
While I do not subscribe to the capitalization method of appraisal, 
it seems to me unrealistic to discuss the subject without taking into 
consideration as one very important element the landlord's income 
on a rental basis. Operator's income and expenses · are very difficult 
to estimate. In much of the country where tenancy is common 
rental rates and landlord's income is readily available. Recognizing 
fully the limitation and pitfalls of the capitalization method, it must 
'Equitable Life Assurance Society, New York City. 
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be admitted that such computations play a very important part in 
determining sales prices. Right now, for example, investors are 
carefully weighing expected landlord returns against yields on 
alternate types of investment. 
From the standpoint of practical credit policy it strikes me that 
much of the discussion concerning the division of income between 
operators, laborers and capital is rather academic. On mortgaged 
farms the ownership of capital is divided. Part of the returns to 
capital are fixed by the terms of the note. Interest, principal pay-
ments and taxes must be taken care of first. The necessary hired 
labor to make a crop comes next and the operator takes the residual. 
His returns are very definitely determined by the subtractive method. 
His standard of living rises and falls with the total income as in-
fluenced by commodity prices and yields. When the total income is 
insufficient to meet fixed charges and support his family at a mini-
mum standard, foreclosure follows. On tenant operated farms the 
division of income between operator and landlord is governed by 
rental rates established by active competition. If the farm is mort-
gaged, interest, principal payments and taxes must come first from 
the landlord's share. Again, if this amount is insufficient to meet the 
fixed cost, foreclosure follows unless outside income is . used. The 
safety of the loan then depends first, upon the ratio of fixed charges 
to total available income and secondly upon the relative stability of 
income. It is obvious that the cushion or opportunity for sacrifices 
is greater on owner-operated farms than on tenant-operated farms 
and greater on good farms than on poor farms. Foreclosure experi-
ence of the land banks and other credit agencies confirms these 
observations. 
I do not wish to belittle the importance of land classification 
work. It is extremely vital to credit agencies, especially the Farm 
Credit Administration which, for obvious reasons, cannot restrict 
its loan territory. Private institutions having trust funds to safe-
guard will avoid many hazards by keeping out entirely from areas 
of low productivity. If good land classification maps were available, 
they would be used as danger signals but not as substitutes for care-
ful appraisals. If good classification maps were available we would 
probably make more swivel-chair rejections and save the expense 
of windshield appraisals. 
I note with interest that Mr. Lewis in describing the basis for his 
classification map has placed increased emphasis on soils and topog-
raphy. In some of his earlier papers I feel that he placed too much 
emphasis on the size and condition of buildings. Buildings are prob-
ably a good index of land values in New York State and the older 
parts of the country where several generations have reached adjust-
ments by the trial and error method. After one gets west of Buffalo, 
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I think it would be well to stick rather close to the soil and topo-
graphical maps. The condition of buildings especially on individual 
farms can be very misleading. In South Dakota, for example, many 
of the mistakes are still standing and have been freshly painted with 
corporate funds. You have perhaps all heard the story of the woman 
who refused to have her buildings repaired and painted. "If I do," 
she said, "the nei.e;hbors will think I have been foreclosed." 
LAND CLASSIFICATION AS AN AID IN REAL ESTATE ASSESS-
MENT 
R. R. RENNE' 
It is a generally accepted principle that farmers, as well as 
other individuals, should be taxed according to their ability to pay. 
Under conditions which existed in earlier times, when practically 
all the wealth and the sources of income were from tangible p:roperty 
-largely real estate-it was generally conceded that the best measure 
of ability to pay was the amount of property owned. The general 
property tax was therefore well adapted to these conditions and 
was widely used. Today conditions are significantly different, only 
about a fourth of the total national income being derived from 
ownership of real estate.' Yet, as a nation, we continue as a matter 
of custom to rely largely UP.On the general 'Property tax, of which 
farm real estate makes up a substantial part. 
There are many other reasons why land taxes will continue to 
play a very important part in the American tax system in spite of 
their many weaknesses and the widespread complaints against them. 
Many feel that incomes from landed property should pay more 
taxes than service incomes, because landowners receive more benefits 
from the government. They hold that tangible property is the main 
beneficiary of government, since such property requires more and 
gains more from protection against fire and theft, foreign invasion, 
and similar governmental services, than do other forms. Govern-
mental services such as education, construction and maintenance of 
highways, development and conservation of national resources, and 
'Professor of Agricultural Economics, Montana State College, Bozeman, Montana. 
2For data showing sources of the national income see the study of the Brookings 
Institute. "Income and Economic Progress", by Harold G. Moulton, Washing-
ton, D. C., 1935; The report of the Committee on Recent Changes of the Presi-
dent's Conference on Unemployment, "Recent Economic Changes", Vol. 11, 
1929: or Doane, R. R., "The Measurement of American Wealth'', Harper and 
Bros., New York. 1933. 
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establishment of health services by making the community a better 
place in which to live, increase the value of land. (It might be well 
to ask ourselves in passing whether these services do not directly 
benefit persons-professional and salaried groups as well as land-
owners-rather than property.) The belief that property incomes are 
more dependable than service incomes-because (1) they are ordinar-
ily more secure and longer-lived, and (2) property constitutes a 
reserve which relieves the owner of the necessity of saving-has 
played a very important role in continuing heavy taxation of landed 
property. Moreover, land taxes are particularly well adapted to 
local use. Real estate is less migratory than other tax bases, and 
taxation of land fits in well with the thinking of a democratic nation 
imbued with the spirit of home rule and opposed to a strong central 
bureaucratic government. It is extremely difficult, if not practically 
impossible, to administer many of our modern intangible property, 
sales, or income taxes on a local basis. In addition to these reasons, 
there is the fact that the land taxes can be depended upon to bring 
in a large, fairly predictable income for governmental services, to-
gether with the fact that taxes on land have been considered in the 
capitalization of land values, and any significant reduction in taxes 
will amount to giving present owners a considerable appreciation in 
land values which might be considered as a gift. 
The Need for Revision of Land Assessmen:ts 
The heavy increase in farm tax delinquency and farm tax fore-
closures in recent years is evidence of the serious need of revised 
methods of tax assessment. Landowners do not let their lands go 
delinquent, either temporarily or to the point of losing such lands 
by ta.:X foreclosures, e:x:cept when :it is impossible for them to meet 
their tax payments or when they feel it is less expensive to lose the 
lands than to continue to hold them and pay the high taxes. In 
some States, particularly on grazing lands, tax assessments are so 
out of line with taxpaying ability that it is cheaper to let the lands 
revert to public ownership than to own them, and in such areas 
delinquency and ta:x: foreclosure problems are acute. 
Another evidence of the serious need for revised methods of 
assessing land is the great inequality which exists between various 
gradelii and types <:>f land m::i.der present methods of assessment. Com-
pleted studies comparing assessed values with sales values have 
GOnl!li~tently shown that the poorer grades of land are the most 
generp.lly overasi;;es!l~d. These studies have covered various parts 
of th~ c9untry, but all have arrived at about the same conclusions. 
They have also :reveal~d thp.t the smaller holdings tend to be assessed 
relatively more j.n comparison with sale:; value than the larger 
BULL~TIN 421-LAND CLASSIFICATION 79 
holdings.' Studies which have been made comparing assessed values 
with productivity value, or what might be termed capitalized net 
income value. have revealed serious inequalities with the poorer 
grades being greatly overassessed and the best grades underassessed. 
In a study covering 1,210,000 acres in parts of six counties in 
Montana in 1936, the following ratios of assessed values to produc-
tivity values were found to exist for each of the four grades of farm-
ing land and five grades of grazing land. (The method of determining 
these grades is based upon the physical data obtained from a scien-
tific soil survey. supplemented with farm price and cost data by 
which the net returns from the land are capitalized into values!) 
Farm land. Grade I (22 bushels of wheat or over); assessed value was 
only 46 per cent of the productivity value. Second grade (16-21 
bushels). 58 per cent; third grade (12 to 15 bushels), 325 per cent; 
fourth grade (8 to 11 bushels), 408 per cent; grazing land, first grade 
(18 acres or less) sufficient to carry a 1,000-pound steer for a ten-
month grazing season, assessed values averaged 2.41 times the pro-
ductivity value. For second-grade grazing land (19 to 27 acres) the 
assessed values averaged 236 per cent; for third-grade grazing land 
(28 to 37 acres), 411 per cent; for fourth-grade grazing land (38 tO 55 
acres). 512 per cent; and for fifth grade (56 acres or more), 780 per 
cent. An analysis of the relation between assessed value and pro-
ductivity value for sample lands taken at random from the 21 Mon-
tana counties in which the soil reconnaissance had been completed in 
1936 by the Agronomy Department of Montana State College in 
cooperation with the· United States Bureau of Soils and the land 
classified into various economic grades, shows a disparity almost 
identical with that in the sample area covering 1,210,000 acres. These 
'A study of 5,200 voluntary sales of agricultural land in 19 selected counties of 
Montana. covering the period 1919, when the Classified Property Tax Law 
was enacted, to 1935, and another study covering 5,400 voluntary sales of 
agricultural land for the period 1919-30 inclusive in 42 selected Montana 
counties. revealed rather comparable results to the effect that the a.mailer 
holdings were relatively overassesseQ., The ratio of assessed value to s;i.1tis 
value for property of less than $500 was 3.51 (very serious overasseasment) 
while for properties of more than $10.000 the ratio was 62 <underassessment). 
Considerable difference was found to e~M among the countiea. Great in· 
eaualities occurred for different pieces of land within the same count;v in 
a given year, ranging from less than a teiith to more than 25 times sales 
value. Great variations occurred in the I."atio ot a~sessed vah.ie to sale§ value 
for the different years amon,g the counties, A §l!t;rht tenclenqr wa:> al§a noted 
to overassess farm lands without improvements more thall similii.r l;mi:l witl:! 
improvements. In other words, assessors 11eemed to undel'l"ate somewhat the: 
market value of buildings. 
'Detailed explanation of the method used in determin!ng the§e produ!ltivity values 
will be found in Montana Agricultural Exper!ment Station Bulletm ~48, 
"Assessment of Montana Fa:m;i. Lands", Octo'ber 1937, 
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data are indicative that inequalities in assessment among grades of 
land are rather general among assessors. 
Two principal weaknesses in the present system of assessing 
farm lands seem to be largely responsible for the inequalities which 
exist among various grades of farm and grazing land. They are: 
(1) lack of an adequate classification of lands for assessment purposes, 
and (2) lack of information and appreciation of the large differences 
between the economic values of the poorer and better grades of land. 
The average assessor elected by popular vote can count acres, but 
dos not have the training and ability, on the average, to distinguish 
between the productivity qualities or capabilities of the different 
grades of farm and grazing land. It is interesting to note that in 
the case of Montana grazing lands the assessed values per acre are 
nearly the same for all five grades, ranging from $5.89 for the fifth 
grade to $7.05 for the first grade, whereas the carrying capacity for 
these grades is 56 acres or more per animal unit for the fifth grade. 
The productiv~ty values per acre, based on these carrying capacities, 
vary from $.75 for the fifth grade to $2.93 for the first grade. In 
other words. first-grade grazing land has a productivity value of 
nearly four times as . much as the fifth grade, whereas the assessors 
were assessing the fifth grade on the basis that it was worth within 
20 per cent of the worth of the first-grade grazing land. If a more 
specific technique is established for classifying lands on a scientific 
basis for assessment purposes, and if such classifications are not 
actually completed and by statute required to be used, great inequali-
ties among grades of farm and grazing land will continue, with 
the poorer grades being seriously overassessed with resulting acute 
tax delinquency, tax deed foreclosures, increased public ownership, 
and absentee landlordism. 
Most State statutes declare that "property must be assessed at 
its full cash value" or that assessment shall be "fair" or that the 
land must be appraised at its "true value in money", which is inter-
preted to mean the amount at which the property would be taken 
in payment of a just debt due from a solvent debtor. In other words, 
the full cash value means the amount it would bring at a voluntary 
sale, or what is also referred to as the willing-buyer-willing-seller 
legal maxim. All these attempts at the definition of "fair" assessed 
value imply equity and proportion in assessments based upon valua-
tion. but very few States describe the requirements of a process of 
equitable valuation. Some State statutes indicate that the land must 
be classified into specific classes or grades or irrigated, non-irrigated 
tillable. grazing. timber, and mineral lands for tax purposes, and 
authorize specific officers to employ appraisers to survey and classify 
the lands; but no consistent technique has been set up for assessment 
valuations or rules of appraisal by which equity and fairness can be 
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secured in real estate assessments. Assessors may have every impulse 
towards "fairness" but, at the same time, have no way of linking this 
impulse to a technical solution of their problem.' · 
Weaknesses of Using Sales Value as a Basis of Assessment 
There are many reasons why assessments do not correspond with 
sales values in spite of the provisions of assessment laws. Market 
value as applied to real estate is not an adequate standard by which 
to determine equitable and just assessments. In the first place, sales 
value reflects the capitalized anticipated income, including the antic-
ipated increment. so that during periods of optimism and business 
expansion the market values are greater than the true long-time 
productivity or tax-supporting ability of the land. Second, during 
periods of declining income and business depression, voluntary sales 
are too few to make available reliable information on which the 
assessor or his deputies could justly base their valuations. In other 
words, most of the sales occur during abnormally high price and 
incom~ prospect periods, and to take an average of sales over a period 
of years would be taking an average of extremes, which is not very 
sound procedure to arrive at a normal or average market price. 
The fact that in many areas assessors themselves do not believe that 
sales value represents the "fixed and true value of the land" does 
not increase the effectiveness of their assssments as far as the sales 
value standard is concerned. 
In the long run, the most reasonable basis for determining what 
land is worth for assessment purposes is its ability to produce an 
income. In other words, a reasonable value based on its productivity 
is that upon which the land will return, on the average, a fair rate 
of interest. For example, if we assume 5 per cent to be a fair return 
on investment or a fair rate of interest, an acre of land which will 
provide an annual return of fifty cents above the other costs is worth 
ten dollars. This ten dollars then becomes its productiv ity value, 
and land values computed in this manner may be referred to as 
productivity values. 
Murray and Meldrum indicate four distinct steps in determining 
productivity values: (1) examination of the various soil types, drain-
age, topography, and erosion conditions; (2) estimation of future 
yields and carrying capacity on the basis of information obtained 
in the first part of the appraisal supplemented by any yield or carry-
ing capacity data available from farm management information, 
agricultural adjustment programs, or other sources. Third, evaluation 
of the use of buildings to the farm (in evaluating buildings it is 
'See "Property Taxes", p . 249. 
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desirable to estimate their value· on both a cost and a use basis); and 
(4) translation of the yield and carrying capacity data into valuations 
per acre.0 The productivity value in the case of farm land, must, 
of course. be in terms of the major enterprise or enterprises. For 
example, in the case of dry land farming in the Northern Great 
Plains, the productivity values must be based on the yield of the 
lands in terms of wheat, on an alternate, summer fallow-wheat crop-
ping basis. Similarly, in the case of grazing lands, the productivity 
values must be based upon the carrying capacity of the lands in 
terms of animal unit months of grazing. 
The most important step of these four is the translation of the 
yield data into land values. This is not to say that the basic recon-
naissances or detailed surveys of the physical qualities of the soil 
are not a very important step. This, of course, is very basic and if 
this step is not done scientifically and accurately, all the computa-
tions which follow in arriving at productivity values are inaccurate. 
However, since land classifications, to be of any use for assessment 
purposes, must be in terms of values in dollars and cents for the 
various grades of land, the conversion of the yield or physical pro-
ductivity data into dollars is extremely important. Moreover, so 
many variables enter into a determination of capitalized net income 
values such as expense of production factors, price levels assumed 
for purposes of computing income, as well as costs, interest rate used 
for capitalization purposes, assumptions of continued productivity 
at present levels, at decreasing levels, or at increasing levels, depend-
ing upon various conditions and forces, and related situations, that 
a great deal of common sense judgmen: enters into the conversion 
process and slight errors in judgment can cause rather significant 
differences in the final values determined. This conversion step 
should ·be a process in which expert technical knowledge is brought 
into play in the form of the soil scientist, the economist, the rural 
sociologist, and other technicians including agronomists and animal 
husbandry workers. Wherever possible, the actual experience of 
farmers in operating various types of land should be made available 
to those responsible for determining productivity values. Very fre-
quently long-time yield or carrying capacity records are available 
from old-time operators or from current accounts kept by various 
operators showing yields, cost of operation, prices received, etc. 
The basic soil survey should furnish the fundamental data neces-
sary for evaluating probable future yields and carrying capacity. 
The evaluation of the buildings, however, is a distinct problem from 
that of valuing land. In many states the buildings on farms must 
be assessed separately, although the rate of assessment or the per-
0See Iowa Agricultural Experiment Station Bulletin 326, "A Production Method 
of Valuing Land", by W. G. Murray and H. R. Meldrum, March 1935. 
BULLETIN 421-LAND CLASSIFICATION 83 
centage of assessed value which constitutes taxable value, in those 
states where classified property tax laws are in operation, may be 
the same for buildings as for land. Buildings should be assessed not 
on the basis, among others, of their cost of construction but upon 
their usefulness to the farm under the established or cur;rent type of 
farming in operation. In other words, a large dairy barn on a dry-
land wheat farm may have cost six thousand dollars, but because 
the operator is producing wheat with mechanized methods and keeps 
no livestock to speak of, the barn has very little value to the farm. 
The assessor should assess the buildings on a basis which reflects 
the relationship in terms of usefulness of the buildings to the farm 
as a producing unit. Any special returns which arise from the build-
ings themselves should be not be converted into the land values, 
but shown separately in the values arrived at from the buildings 
as such. 
Increased Opportunities for Effecting 
Improved Assessment Methods Based on Productivity Values 
Urltil recent years, particularly in the western states, the poor 
assessments which exist might have been justified because of the lack 
of reliable, long-time records to indicate the producing ability of the 
lands. However, the experience of additional decades of land use 
and development together with recent federal, State, and local 
programs of soil conservation, agricultural adjustment, outlook and 
price forecasting activities, farm management studies, county agri-
cultural land use planning and related professional activities, have 
made available a 'wealth ·of data and information from which the 
true productivity or ability to pay of agricultural lands can be 
determined. 
Each year additional information showing the cost of production 
of selected farm crops and livestock are made available through the 
increased use of farm records by farm operators. This type of data 
is basic in determining the net returns to be capitalized into land 
values, which in turn can be used as a guide in land assessment. 
The whole problem of determining accurately the net returns 
to be capitalized into land values is a very difficult one. A capacity 
of reliable farm management operating cost and income data exists 
and in addition even where rather complete data are available many 
estimates and judgments enter into deriving a capitalized value on 
an income basis. A prominent member of the Americ3.n Institute 
of Real Estate Appraisers recently listed eleven estimates involving 
subsidiary estimates necessary for deriving values on an' income 
basis. Nevertheless. if the net income-producing ability of the land 
'Property Taxes, page 215. 
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is the best basis upon which to determine value for assessment 
continued effort and research should be devoted to improving th~ 
character and availability of farm management operating cost and 
income data and the techniques of utilizing such data in converting 
yields and carrying capacity into land values. 
It may be argued that income should not be the sole basis of 
assessment. However, if farm land assessments are to correspond 
more nearly with true ability to pay, which after all most will agree 
is the best single canon of a good tax system, greater emphasis must 
be put upon net income or productivity value than is now done by 
most assessments. It is assumed, of course, that in arriving at the 
capitalized net income value for a given piece of land due consider-
ation will be given to distances from market, distances from water 
holes, the location of the land in relation to the surrounding area, 
such as the relationship of the range to hay bottoms, to shelter or 
protection, and its use and other factors which affect operating costs 
and returns. If the valuation process is carefully done and experi-
. enced judgment used at the various points where estimates or judg-
ments must enter in the computation of a final average, net income 
figures can be capitalized. The productivity value or capitalized net 
income .basis is without doubt the best basis for assessment purposes. 
In areas where a specialized type of agricultural production 
predominates, there is an unusually good opportunity to effect re-
vised land asssessment methods. With specialized types of produc-
tion where only one or two products are produced, it is less difficult 
to compute farm costs of production to arrive at the net capitalized 
productivity value. The more diversified the type of farming, the 
more difficult are the computations involved in arriving at the net 
income and the true productivity value of the lands. In this connec-
tion, the western States. where specialized dry land wheat farming 
or ranching predominates, have an advantage over the more diversi-
fied agricultural regions in the central and eastern states. The increas-
ing tendency to diversify in the South makes it more difficult to 
compute productivity values of the land than where one single cash 
crop such as cotton or tobacco is produced. 
Requirements of a Good Soil Survey 
And Land Classification for Assessment Purposes 
The first requirement for a good soil survey and land classifica-
tion for assessment purposes is that it furnish the basis for deter-
mining the long-time productivity or normal values of the land in 
terms of the yield of the predominant crop. As has already been 
indicated, in the case of dry land crop areas in the Northern Great 
Plains. wheat is the predominant crop and productivity determined 
from the soil survey should be in terms of wheat yields. In the case 
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of Montana. nine-tenths of the total crop land, excluding hay, is 
used for the production of wheat, and where an alternate summer 
fallow type of farming occurs. this must be taken into consideration 
in determining average yields. In the case of grazing areas where 
livestock ranches operate shee-p or cattle, the productivity must be 
in terms of animal unit carrying capacity. However. for diversifi:;d 
irrigated areas or the more diversified farming units in the more 
humid central and eastern areas where no crop or type of livestock 
predominates. it is much more difficult to determine the economic 
grades of land from the soil survey data. In some irrigated areas 
where sugar beets are very important, the land classification may be 
in terms of the productivity of sugar beets. In others it may be in 
terms of wheat and in still others in terms of production of alfalfa 
hay. The determination of capitalized net income or productivity 
values for diversified areas will necessarily have to be done for each 
specific lOcality to be most accurate and useful. 
A second requirement of a good soil survey and land classification, 
to be useful for assessment purposes, is that it must be sufficiently 
detailed, complete, and accurate to meet the legal requirements for 
assessment purposes. For example, in the case of Montana, the 
statutes provide that land classification for assessment purposes must 
be by 40-acre tracts. To meet this legal requirement, therefore, the 
soil survey must be at least this detailed. A soil survey as detailed 
as this is relatively expensive for the rather low-value range lands 
and poorer grades of dry farm land which exist in the western states. 
Such detail would be comparatively less expensive for such areas as 
Iowa or even the Eastern and Southern farm areas. 
Since the law can be changed by legislative action, it would 
seem a more fundamental point to determine the amount ,Jf detail 
required for a soil survey · and land classification which would be 
adequate and administratively feasible for tax assessment purposes. 
From the standpoint of political feasibility, assessors find that 
a spread of about $2.50 per acre is all that they can justify for dif-
ferent grades of dry farm land in Montana. Much greater spreads 
from one grade to the next lower grade of dry farm land will raise 
serious administrative difficulties. A soil survey sufficiently detailed 
so that the land could be classified into grades which would have a 
net capitalized value spread of about 10 per cent would, according 
to most assessors. be the most efficiently enforced. For example, 
in Montana the capitalized net income value of dry land used for 
wheat production is $35 per acre for the first grade or the best quality 
land. However. the net capitalized value of the second grade, which 
produces an average of between four and five bushels less an acre, is 
$18. This spread of $17 between Grade I and Grade II is far too 
large for practical assessment purposes. Third-grade farm land, which 
produces an average of about four bushels less per acre than second 
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grade, has a net capitalized value of only $3 per acre, which is a 
spread of $15 below the second grade, far too much for practical 
assessment purposes. In the case of wheat lands in the semiarid areas 
of the western States, there must be sufficient detail in the soil 
survey to make possible the classification of lands into grades with 
no more than one to two bushels per acre difference in the average 
wheat yield. With this spread, the difference in net capitalized value 
for the various grades would be less than $5 per acre, and assessors 
would find such grades of land much more generally acceptable and 
understood by farm taxpayers than a classification in which the 
grades have a spread of as much as $15 or $20 per acre. It would seem, 
therefore. that the soil survey should be sufficiently detailed to make 
it possible to determine the average productivity of the different 
grades of land within one and a half or two bushels per acre, or a 
margin of about 10 per cent. In order to secure such detail, it would 
seem that the soil survey should be taken at least at half-mile inter-
vals. As a matter of fact, the results which have been secured in 
Montana where soil reconnaissance data have been taken on the 
basis of two-mile intervals have proven fairly reliable for most · 
areas; but careful checkups have shown that more detail than this 
is necessary if the land classification is to be adequate for assessment 
purposes. A survey at half-mile intervals or in 160-acre units would 
undoubtedly be adequate for most dry land wheat-producing areas 
of the western States. 
The amount of detail for irrigated lands and for the more pro-
ductive central and eastern areas of the country would, of course, 
be greater than that for dry land wheat areas. It is questionable, 
however, whether a very detailed soil survey taken at 10-acre 
intervals is necesary even for irrigated areas in the western States, 
and whether this amount of detail is necessary for assessment pur-
poses even in the Corn Belt or Middle Atlantic or Southern States. 
With the more mode"rate topography of these latter areas, there is 
every reason to believe that a soil survey taken in 40-acre units would 
be sufficiently detailed for assessment purposes. 
The detail necessary in a soil survey of grazing lands for assess-
ment purposes will depend to a large extent upon the ownership 
pattern. The assessments must, of course, be available for the dif-
ferent individual owners. Consequently, sufficient soil survey detail 
is necessary to show the land classification of each individual owner-
ship. According to Montana law, assessments must be by sections 
regardless of how many sections an individual operator may own. 
In other words, an individual who owns land scattered through 
several townships and covering many sections will not find his 
assessment lumped into one individual assessment, but will find 
them spread out for each section. However, an individual who owns 
three quarters within a section will receive assessments not detailed 
BULLETIN 421-LAND CLASSIFICATION 87 
for each quarter but grouped for the section. This statute could be 
changed, but naturally the amount of detail would still have to be 
sufficient to cover the requirements of present or probable owner-
ship patterns. Very few areas of grazing land are operated in owner-
ships of less than a section, but since ownership boundaries are 
modified from time to time through transfers of one sort or another 
which involve parts of sections, it would seem necessary to have 
sufficient detail in the soil survey to cover at least half-sections. The 
experience in Montana with the soil reconnaissance at two-mile 
intervals has indicated that this is adequate for determining the pro-
ductivity value of grazing lands. Also, the spread in net capitalized 
values between the five grades of grazing land established in Montana 
from the reconnaissance soil survey are sufficiently small to be very 
practical for assessment purposes. For example, the net capitalized 
value of the five grades of grazing land are as follows: First grade, 
$3; second grade, $2.50; third grade, $1.50; fourth grade, $1; ·fifth 
grade, $.75. In certain areas where swales, mountain ranges or rough 
country are encountered, the two-mile interval may miss small spots, 
making the classification somewhat inaccurate. However, the Mon-
tana experience indicates that these exceptions will not be numerous 
nor very significant. and it would seem that for western grazing 
areas soil reconnaissance at two-mile intervals, or one-mile intervals 
at most, would be adequate. 
There still remains the question, however, of listing the produc-
tivity values by acreages sufficiently smai1 to meet the problems 
which arise from changing ownership patterns. In the western States, 
very few land transfers involve acreages of less than forty-acre 
tracts. and the forty acre parcel for the great majority of transfers 
would be the smallest unit used. There will always be a few owner-
ship changes involving parts of a forty, even as low as five or ten 
acres, but for the great bulk of dry land wheat farming areas and 
range areas there will be no need for extending the land classifica-
tions in the assessment books beyond the forty-acre unit. In the 
irrigated areas, as well as in the more humid central and eastern 
farming areas, the extension in the assessment book may have to be 
in units smaller than forty acres. It is questionable even here, how-
ever, whether a sufficiently large proportion of ownership changes 
involve parcels of less than forty acres, and before State and local 
boards of assessment are clothed with the power to assess lands and 
insist upon a land classification in terms of units smaller than forty 
acres, a careful check should be made of the acreages involved in 
the bulk of land transfers over a representative period of years. 
A third important requirement of land classification for assess-
ment purposes is that the grades of land determined for different 
types of land be sufficiently clear and meaningful to make it possible 
to determine readily the grades which are submarginal for certain 
88 MISSOURI AGRICULTURAL ExPERIMENT STATION 
types of utilization and the grades which are distinctly above the 
margin. In Montana, it has been found that the classification of dry 
farm lands into four grades is inadequate, not only' for practical 
assessment purposes but · also because the third-grade farm land 
includes such a wide variety of qualities of land that no specific 
statement can be made to the effect that third-grade land is definitely 
submarginal for wheat production. Fourth-grade land (that which 
yields an average of from 8 to 11 bushels per acre) is definitely known 
to be submarginal-that is, with the average expected farm price 
of wheat at 80 cents, probably most operators cannot show a profit 
using this grade of land for wheat production. However, in the case 
of third-grade land, there exists much land that will produce in the 
upper brackets of the top spread for this grade and will show a profit 
with 80-cent wheat. In Teton County, the assessor and the county 
agricultural land use planning committee have divided into eight 
grades rather than four, and with this refinement of the grades a 
more definite point can be determined for marginality. For example, 
the first five grades are satisfactory for wheat production and the 
planning committee has recommended that these five grades be 
continued in wheat production; but the last three grades have been 
denitely classified as submarginal and recommended for grazing or 
other non-crop use. The county assessor, who is now employed by 
the State Board of Equalization, gathered the detail necessary to 
divide the farm lands into these eight grades from his field surveys, 
and used the soil survey which had been made by the Agronomy 
Department of Montana State College in cooperation with the United 
States Bureau of Soils as a check upon his more detailed grades. 
Since in one case there were four grades and in the other case eight 
grades, a very logical adaptation of the Montana State College classi-
fication would be to have grades of farm land as follows: Grades 
la, lb, 2a, 2b, 3a, 3b, 4a, and 4b, or possibly la, 1, lb, 2a, 2, 2b, 3a, 
3, 3b, 4a. 4, and 4b. Since the spreads between the four grades . are 
now about four bushels per acre, this would mean a spread in pro-
ductivity of about ll/z to 2 bushels per grade, but it would also neces-
sitate a considerable r:echeck in the field in which soil data at, perhaps, 
half-mile intervals were secured before this amount of detail could be 
relied upon as being sufficiently accurate for assessment purposes. 
In the case of grazing lands, the fifth grade, which is all land 
with a carrying capacity such that 56 acres or more are required 
to carry one animal unit for a ten-month grazing period, covers too 
much territory to be economically significant for assessment purposes. 
Much land in the State has natural cover and carrying capacity 
such that more than 80 acres are required per animal unit; and when 
carrying capacity is as low as this, so that only 8 head of cattle can 
be grazed on a section, it becomes very debatable whether such land 
can be owned and operated successfully by the average individual 
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rancher. Consequently, it is felt that a sixth grade of grazing land 
should be developed which would include all lands with a carrying 
capacity requiring more than 80 or possibly 100 acres per animal 
unit. The fifth grade would be land having a carrying capacity of 
from 56 to 80 or 56 to 100 acres per animal unit. The sixth-grade 
grazing lands, or the poorest areas, would have practically no value 
for tax purposes, but if owned by private individuals, assessments 
would have to be adjusted in accordance with the lower carrying 
capacity, whereas at the present time the fifth grade is such a com-
posite that the assessment cannot very accurately be adjusted to the 
true productivity or carrying capacity. 
Classification for irrigated lands is currently in process of being 
worked out specifically for each of the different types of farming 
areas in the various irrigated sections of the state. 
The grades of land worked out for Montana are cited here purely 
for illustrative purposes. They will, of course, not apply to areas 
in the Corn Belt. the East, or the South, but they will apply to com-
parable areas within the same general type of farming or grazing 
region, namely, the Northern Great Plains. Similar adaptations from 
the basic soil survey data will have to be made in other States to 
meet the basic problems and conditions of those States. The Montana 
experience has been related here merely to indicate the nature of 
a soil survey and land classification, and the method of their use, 
·which would be adequate for assessment purposes. 
Problems in Valuing Land for Tax Assessmen:t 
An important problem involved in evaluating land for tax assess-
ment is the capitalization procedure to be used in capitalizing the 
net income into land value. It is assumed, of course, that proper 
consideration will be given to distance of the land from market, 
in the case of crop land, and distance from water supply, in the 
case of grazing lands, together with the effective use to which the 
lands can be put.' However, the capitalization process is a very 
important factor in determining the land values arrived at and the 
rate of interest alone is, as a rule. much more of a significant factor 
in determining the final values than either distance from market 
or distance from water. With modern methods of transportation, 
the distance from market and the kind of road available are not 
nearly so important as formerly, before the farm was as mechanized 
as it is today and before modern highways were constructed. In 
the case of grazing land, the spreads in value between various grades 
of grazing land are not great and the absolute values are not as 
'See Kellogg and Ableiter, U. S. Department of Agriculture Technical Bulletin 
469. "Method of Rural Land Classification", February 1935. 
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large as those for cropped areas, although distance from water is 
important. 
The capitalization process involves two items: First, shall the 
capitalization of net income be based on the assumption that the 
land will continue to yield, for an infinite period in the future, as 
well as it has yielded on the average in the past, or as well as it is 
yielding currently? In other words, should a straight capitalization 
process be used, or, particularly in newer areas, should it be assumed 
that there is a depreciation of the resource following the first break-
ing of the sod or the first years of cultivation or development? In 
the extractive types of farming, such as dry land wheat production 
and other specialized types of production including cotton and to-
bacco, it might be more reasonable to use some other procedure 
than straight capitalization. In other words, a certain amount of 
depreciation of the resource will occur, and due consideration of 
this fact will cause present land values to be reduced. 
The second important factor in the capitalization process is the 
rate of interest used for capitalizing the net income into land value. 
In the more commercialized and specialized types of farming. and 
in the dry land wheat-producing areas of the Northern Great Plains, 
a risk higher than in some other areas is inherent in the existing 
type of agriculture. Obviously, the higher the risk in the area the 
higher should be the interest rate, since the interest rate reflects 
both the productivity of capital and the risk involved in maintaining 
the principal; and the higher the interest rate used in the capitaliza-
tion process, the lower will be the capitalized land values. The greater 
uncertainty and risk involved in dry land wheat production, com-
pared with that in more established grazing areas where irrigated 
hay bottoms are used for producing supplemental hay and feed, 
should be reflected in a higher rate of interest used in capitalizing 
land values on the dry land wheat areas, and a lower rate used in 
the case of grazing lands. The same principle would apply in the 
more humid areas when the family-sized diversified farm is con-
sidered in comparison with highly specialized, commercialized oper-
ating units. In this case, the current method of utilization would be 
an important factor in determining the rate of capitalization, and 
since the type of utilization may change considerably within a short 
period of years, it would seem more desirable to adjust to the change 
by modifying the percentage of the base value used for current 
assessment purposes, rather than by changing the base value itself. 
Prac:tical Difficulties of GeU:ing 
Improved Methods of Assessment Effec:ted 
After a scientific land classification has been worked out for 
various types of agricultural land, there still remain the many prac-
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tical difficulties involved in actually effecting such a scientific classi-
fication. In the first place, the practical politician may fear that the 
revised assessment plan will reduce materially the assessed valuation 
of the county, and thereby reduce the tax revenue available, necessi-
tating changes in the organization of the local unit which may reduce 
the number of jobs available or the rate of pay of such jobs. Another 
factor which is an important barrier to the adoption of improved 
land classification is the cost of changing county records and the cost 
of having the improved land classification made. In order to secure 
more uniform and reliable results, the cost of performing the detailed 
scientific soil survey work should be financed, at least to a large 
extent, by State and federal appropriations, rather than by the local 
governmental units or the individual farmer. 
Another factor which is a stumbling block in getting improved 
methods of classification used for assessment purposes is the lack of 
training and ability of the usual local assessor or local assessment 
boards. In many States the assessors are elected by popular vote, 
and are frequently not selected on the basis of their ability as soil 
scientists or soils experts. Moreover, being elected officials, too many 
local assessors are prone to follow a line of least resistance which 
will secure for them the most general popularity and votes at election 
time. Frequently policies which will do this will not at the same 
. time secure scientific and just land classifications. 
Still another practical difficulty in getting improved methods of 
classification used for assessment purposes is the legal status of State 
boards of equalization. In some States there is no clear-cut authori-
zation in the statutes giving State boards of equalization unquestioned 
authority in the field of classification and assessment. Resulting 
vagueness gives both local administrative officers and State officials 
the opportunity to "pass the buck" to each other with resulting con-
fusion and despair experienced by the average voter. 
Conclusions 
Problems associated with classifying land for tax assessment 
purposes which have been discussed in this paper have been pre-
sented not with the intention of stressing the difficulties involved 
but to indicate the standards which must be met if satisfactory assess-
ment is to result. In these times of increased governmental expen-
ditures, the development of a sound tax structure which will place 
the burden of supporting government on the shoulders of taxpayers 
in proportion to their relative ability to pay is very important. It 
is so important, in fact, that the difficulties and problems indicated 
here should not be considered insurmountable, but should be con-
sidered as specific challenges for professional workers in the field 
of land utilization. The technique of modern scientific method, to-
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gether with concerted application born of a persistent urge and desire 
which comes with the knowledge of the importance of such im-
provements. should make it possible for these problems to be solved 
satisfactorily. 
Increased effort should also be devoted to getting a greater 
popular understanding of the nature of soil survey work and its 
basic usefulness in improving assessments. To this end. the Agricul-
tural Extension Service and the Agricultural Adjustment, Soil Con-
servation. Farm Security, and related action programs should take 
an active part in this work. Increased federal and State appropria-
tions and local cooperation should be encouraged and increased dis-
cussions and activity on the part of farmers, planning committees, 
county. State, and federal officials, and others, should be developed 
to bring about improved assessments. 
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DISCUSSION 
W. G. MURRAY1 
Dr. Renne has given us a well organized, clear-cut statement of 
the part classification should play in tax assessment. It is unneces-
sary to comment on the major portion of the paper except to recom-
mend it to economists, soil scientists and state officials who are 
interested in improving the property assessment system. 
Two major questions should be raised, however, with regard to 
points made in the paper. In the first place, Dr. Renne states that 
real estate assessment should be based on "ability to pay". If this 
policy is adopted the tax would be virtually a property income tax. 
In fact, Dr. Renne hints at this possibility in referring to adjustments 
in assessments and taxes to the income of the farmer. Such a policy, 
however, involves a basic change in our property tax system and 
no such drastic change is directly suggested in the paper. 
In the second place, Dr. Renne stresses at several points the use 
of soil surveys in land classification and land assessment. This 
sequence of soil survey, classification, and assessment assumes an 
integrated program that may or may not exist. To be specific, soil 
surveys, as Dr. Renne himself ably points out, are not always made 
on a large enough scale for classification and assessment. There has 
been a great deal of productivity grading of land based on soil sur-
veys never made with the idea that they would be used for this 
purpose. Before this wholesale grading of land can be accepted, more 
testing of the results is needed. It should not be difficult to sample 
the returns from different land classes to determine whether the 
grades assigned are in line with productivity. The project should be 
set up to test the yield and income differences which occur between 
the soil type areas delineated by the soil scientist. This task is 
essentially a project in soil economics and one that should be pushed 
vigorously to put meaning into the present semi-hypothetical produc-
tivity ratings by soil types that are now in use. 
Several other minor points deserve comment. On page 4, Dr. 
Renne says, "The general policy of cash rent for urban property 
makes available a ready means of determining the general income 
producing ability of the real estate." This is a broad statement that 
does not apply to areas of home owners or where cash rents in cities 
are unstable. Again on page 4, Dr. Renne says, "The heavy increase 
in farm tax delinquency and farm tax foreclosures in recent years 
is evidence of the serious need of revised methods of tax assessment." 
It is not fair to attribute the heavy increase in tax delinquency and 
farm foreclosures to tax assessment. The real cause is more likely 
'Professor of Agricultural Economics, Iowa State College, Ames, Iowa. 
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the large amount of taxes assessed against property. In fact, it is 
just possible that the over-assessment of poor land has resulted in 
less tax delinquency and foreclosure because in areas of low yields 
and prices, the better farms which are under-assessed have been able 
to weather the low yield-low price years. 
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RELATIONSHIP OF SOIL CLASSIFICATION TO LAND CLASSI-
FICATION 
R. S. SMITH2 
The situation we find ourselves in today with respect to soil classi-
fication, land classification, land types, capability classes, etc., calls 
to mind a statement of the Ministry of Agriculture of Great Britain 
made in 1926 relative to plant nutrition problems. We can substitute 
soil problems without doing violence to the statement. 
"The whole problem is now back again in the laboratories for reinvestigation 
to obtain if possible a closer approximation to the truth. We shall find this the 
usual course of events. The first workers obtain much knowledge rapidly; then 
comes a period when progress apparently ceases and confusion reigns instead 
... . Progress is always slow, and we can never see the whole of anything in 
nature; as Browning said, we explore with a taper and not with a torch." 
Continuing, the following conclusion is drawn: 
"The past has been rich in the joys and thrills of discovery; but it has taught 
this lesson: That discoveries in applied science inevitably follow advances in 
pure science. If we would improve our agriculture the surest way is to increase 
knowledge of the soil, the plant, the animal. Empirical methods, it is true, have 
often given advances in the past, but they are slow, hesitant, and uncertain; 
dependent on accident. Exact knowledge is the only sure basis for improvements; 
encourage therefore, those among you who are striving to win it." 
It is not easy to discuss the relationship of soil classification to 
land classification because these terms do not carry the same mean-
ing to everyone, particularly the term land classification, and the 
limits of this paper do not permit an attempt at thoro definitions. 
Soil classification has to do with the grouping of soil individuals. 
The purpose of grouping or classification is, according to John Stuart 
Mill, as follows: · 
"The fundamental purpose of a classification is accomplished if it causes 
one to think of the facts in such groups and the groups in such order that one 
can call to mind most quickly the fundamental facts on which its laws are based 
and can retain them with least difficulty." 
No one is likely to disagree with the above statement of the pur-
pose of a classification but some may disagree with the soil individual 
concept, or if they accept this concept as valid, in practice they deny 
its significance. That is, some may deny that there are such things 
as soil series or soil types and they maintain that therefore we do 
not have discrete soil individuals to build into a classification. 
1Published with the approval of the Director of the University of Illinois Agricul-
tural Experiment Station. 
'Professor of Soil Physics, College of Agriculture, University of Illinois, Urbana, 
Illinois, and Chief of University of Illinois Soil Survey. 
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Our success up to the present time in establishing discrete soil 
individuals has not been impressive. Furthermore, developments 
during the past five years have not favored study of the basic prob-
lems involved in soil classification and it sometimes seems, during 
moments of discouragement, that we who are interested in soil and 
land classification are in a period "when progress apparently ceases 
and confusion reigns instead." 
I think we will all admit that if we are to classify soils we must 
first establish, by definition, soil individuals. The late Doctor Marbut 
has said we must create them. The difficulties involved are known 
to those who have attempted it and to those who are now attempting 
it. As a matter of fact. every so-called soil individual is a complex 
of soil individuals. That is. a soil map presents a simple pattern of 
a very complex situation. The establishment of a soil individual, 
soil series. or soil type involves determining the limits of variation 
in features and properties allowable within each individual estab-
lished. This has been attempted in the past pretty largely on the 
basis of physical characters which can be observed and more or less 
satisfactorily recorded. Some important physical characters cannot 
be observed and physical properties vary with moisture variations 
and with other factors. Even after long experience in the field study 
of soils wrong impressions are likely to be formed and these wrong 
impressions are carried over into subsequent work, thereby adding to 
the confusion in soil 'individual identification. 
Difficulties inherent in soil identification, definition, and corre-
lation have led thoughtful students of the problems involved to the 
conviction that, in the field study of soils, more dependence must 
be placed on quantitative data and less on our memory of impressions. 
The large volume of soil facts accumulated during the past 40 years 
in this country makes this possible to some extent and advantage is 
being taken of this fact. One danger at the present time appears to 
be that many with but a scanty basis of training and experience for 
the job to be done and seemingly with a very hazy concept of the 
problems involved are, perhaps of necessity, accepted as competent 
to deal with the difficult problems of soil and land classification. 
However, there are many in the State Experiment Stations and in 
the Department of Agriculture who have the conviction that a com-
petent, stable staff for the field and laboratory study of soils is 
essential and that it can be built up from the group of young men 
with adequate training in the basic sciences who are or who can be 
made available. Differences of opinion as to what constitutes adequate 
training in the sciences are to be expected. The training offered, 
or required, by most of our Colleges of Agriculture for under-
graduates does not provide a sufficient' basis upon which to build. 
However, before we can expect to attract a sufficient number of the 
kind of young men we wish to attract we must in some way elevate 
BULLETIN 421-LAND CLASSIFICATION 97 
soil investigational work, including soil mapping, to the status of 
an honored profession. Adequate compensation must be provided 
for those who through native ability, training, and experience have 
achieved inclusion in this profession. There is the further equally 
important conviction that both physical and chemical laboratory 
technics must become an integral part of soil classification to a 
greater extent than they have been in the past. 
Interest in soil classification and in the facts prerequisite to soil 
classification is recent compared to interest in land classification. 
Soil classification is a young art, some would call it a science, and 
many of its faults may be explained on the basis of its youth. Our 
initial interest is in the use of things. Early botanical interest was 
in the medicinal properties of plants. Early chemical interest was in 
the transmutation of metals and in the discovery of a universal cure 
for diseases. Astronomy, an outgrowth of astrology, was stimulated 
in its development because of navigation needs. 
Interest in soils developed in part from an interest in the geo-
graphical location of areas where feeds and foods grew. In the 
United States very few facts were known about soils when the soil 
survey started. Hilgard prepared a soil map of Mississippi in 1875 
based on natural vegetation. The basis of the early work of the 
Federal Soil Survey was largely geological as indicated by the so-
called Soil Provinces and Regions map issued by the Bureau of Soils 
as late as 1913. 
The situation in Russia relative to soil study was quite different 
from that in Western Europe and in the United States. The Tzars 
were patrons of the arts and sciences but had small interest in food 
for the peasants. As a result the science of soils developed in Russia 
as nowhere else. With the fall of the Tzarist system the production 
of food. or land use, became a dominant interest. Much fundamental 
soil information upon which to base land use studies was available 
to the Russians. and it might have been more productively used 
under a more sane political environment. 
At the present time here in the United States we find ourselves 
engulfed in a wave of enthusiasm for land classification. It is in-
evitable that during this period when confusion seems to reign some 
of the things written and some of the work done will not be pro-
ductive of permanent results. A greater danger is that our activities 
will be carried to such lengths that a reaction will set in carrying 
down with it the good as well as the questionable. We all hope 
however. that out of it all will come a better understanding of the 
problems involved and that the difficulties inherent in soil identifica-
tion, description, and correlation will be clarified and that this clari-
fication will result in more adequate provision being made for the 
solution of these difficulties. We further hope that soil classification 
will come to be recognized by all those actively interested in land 
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classification as the basis upon which land classification must rest. 
It is difficult to comment on land classification for there appear 
to be several views as to what land classification is. By some it is 
thought to be a panacea for all ills. One of the speakers of the Land 
Use Conference called by Secretary Hyde in 1931 said that if we 
had had a national land use policy we would not have had a de-
pression. Some appear to feel that land use classes, land use patterns, 
or whatever one wishes to call the products of land classification 
should be based on a considerable number of factors, some of which 
are relatively stable and capable of exact evaluation while others 
are as changeable and difficult to evaluate as a young man's fancy. 
Simplification of the problems of land classification will be 
achieved and progress made more certain, when we are thinking 
about land classification, if we distinguish sharply between capacity 
of land for use and feasibility of use or uses to which it may be put. 
To illustrate, there are in southern Illinois many tracts of land 
which, because of soil and climate, have the capacity to produce 
peaches. They cannot now be used for this purpose because of the 
character of the roads. A land classification map of these tracts 
should show them as having the capacity to grow peaches, as the 
presence or absence of a good road has no bearing on capacity. Such 
a map should not attempt to show advisable or feasible use for 
this is dependent on factors, some of which are difficult or impossible 
to evaluate and many of which are subject to rapid change. A land 
classification map is not a land use map, if by "land use" we mean 
advised use. Capacity to produce is determined by soil and climate. 
Feasible use is quite a different thing from capacity for use and is 
determined by soil and climate, plus a long list of economic and 
social factors, some of which are difficult or. impossible to evaluate 
and many of which are transitory in nature. The agronomist or 
pedologist should realize that if he advises a farmer or group of 
farmers to grow wheat on a certain soil, he must base his advice 
on economic and social factors with which he is less competent to 
deal than are the economists and sociologists, as well as upon the 
determinable and relatively stable factors which determine capacity 
to produce. 
A land classification map should show crop adaptation, and 
the yield of each adapted crop under given systems of management. 
Such a map would be relatively permanent. That is, the improve-
ment of a road, a change in ownership or fluctuations in the price 
of products would not affect it. It would show the capacity of land 
for use but it would not attempt to show the use to which land 
should be put. It is at once apparent that the facts necessary to 
construct such a map are not available in many regions. The pro-
ductivity ratings with which we are all familiar and which, when 
properly used, have served a useful purpose are judgments, not facts. 
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Studies are now in progress which will reveal the facts necessary for 
the construction of valid producing capacity maps, but these facts 
will not come quickly and until they are available we should properly 
evaluate the materials with which we of necessity are working. If 
we are not satisfied with a capacity map as above defined, but wish 
to show advisable or feasible use in addition, the difficulties are 
immeasurably increased and we are forced to venture into the realm 
of prophesy. Agronomists and pedologists should consider the dan-
gers involved before making this venture. 
In some regions a land classification map as above defined is 
identical with the soil map and in others a relatively few combina-
tions of soil types are necessary to convert a soil map into a land 
classification map. In every case that has come under the observa-
tion of the writer the land classification map must be based on the 
soil map. When land classification separations cut across soil type 
areas there is need for a study of the situation. In the Middle West 
a given soil type is usually a unit not only in soil features but also 
in crop producing capacity, management, and treatment require-
ments. Soil types as mapped, however, often are not units from the 
standpoint ot" use, neither are they from the standpoint of soils. This 
situation is unfortunate and as soon as we learn how to make good 
soil maps it will cease to exist. 
In conlcusion, two points might be rest~ed. First, the relation-
ship of soil classification to land classification is so close that in some 
regions a good soil type map is at the same time a good land classifica-
tion map. Secondly, simplifications of soil maps in the construction 
of land classification maps is full of dangers for soil maps themselves 
present a simple pattern of a very complex situation. Further 
simplification is likely to blot out significant differences and result 
in failure to picture the situation as it is. 
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MATERIALS AND ·TECHNIQUES OF MODERN LAND 
CLASSIFICATION 
JOHN J. HAGGERTY' and ALVA M. MEYERS, JR.• 
The confusion which appears to exist relative to the meaning 
of land classification undoubtedly arises from the numerous purposes 
for which land classifications may be undertaken, and the specialized 
kinds of information which these several purposes require. For exam-
ple, Dr. Carleton P. Barnes• lists 14 separate objectives of land 
classification, each of which may require slightly different criteria, 
data, and categories in the classification. This number of objectives 
could legitimately be multiplied several-fold without departing from 
the realm of practical issues faced from day to day by administrators 
of Federal. State and local programs, as well as by private and 
corporate interests that have a stake in the land or in its products. 
Land classification for tax assessment, for example, requires some-
what different information about land, and different categories of 
classification than would be called for in a rural zoning program, 
or as a basis for land credit. This fact perhaps accounts for the 
frequently expressed notion that there are "as many kinds of land 
classification as there ~ interests in the land." 
While the above statement is true in one sense of the term, it 
must be equally obvious that all programs, public and private, which 
are concerned with the use of land, have a common underlying in-
terest in economically sound, conservational land use. It may rea-
sonably be asserted that each of the numerous public programs con-
cerned with land use has as its objective, directly or indirectly, the 
promotion of the highest social product from the use of the land. 
In a capitalistic democracy such as ours, public programs tend to 
the maximumization of both individual and social returns and, as 
a general rule, these ends are both to be attained in the highest form 
of economic land use consistent with conservation. In other words, 
social interest and individual interest in land use will for the most 
part coincide. 
For the purposes of this paper, it is proposed to c.onfine attention 
to what might be termed general land classification, or more properly, 
land classification as a general guide io ihe planning of land use. 
This definition is not intended to imply that a precise pattern and 
1Senior Agricultural Economist, Division of Land Economics, Bureau of Agricul-
tural Economics, U. S. Department of Agriculture. · 
2Associate Agricultural Economist, Division of Land Economics, Bureau of Agri-
cultural Economics. U. 8. Department of Agriculture. 
3Land Classification: Objectives and Requirements. Land Use Planning Publica-
tion No. 1., (44 pp. mimeographed) by Carleton B. Barnes, Resettlement 
Administration, February 1936. 
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system of land use would be formulated for any land area at any 
particular time, but rather that the general directions of adjustment 
would be indicated, :toward which all land use programs, public and 
private, ;migh:t be guided to such exien:t and at such ra:l:es as the 
conditions and limi:l:a:l:ions under which :they severally operate may 
permit. 
This common interest in land classification designed to provide 
a general guide to the planning of land use is best illustrated by 
reference to some of the public and quasi-public programs commonly 
associated with the general or public interest in land use. 
The Rural Rehabilitation program of the Farm Security Admin-
istration is the medium through which perhaps millions• of applica-
tions for loans or outright grants to farmers have been acted upon 
during the last five years. In the very nature of the program, the 
applicants are generally in acute economic distress, and at the roots 
of this distress a system of agricultural land use ill-adapted to the 
land and its environment usually lies. Where such is the case, there 
is little hope for permanent rehabilitation through the extension of 
loans or grants which tend to perpetuate types of land use that 
already have two strikes on the potential client. Since the Farm 
Security Administration is fundamentally concerned with permanent 
rehabilitation wherever it may be attained, it may be said that few 
cases are disposed of without consideration being given to the follow-
ing questions: Is the type of agriculture which this man is following 
adapted to the area, considering soils, climate and market facilities? 
Is he growing adapted crops in the proper rotation, as indicated by 
experience and experiment? Does he have the proper complement 
of livestock in his farm organization? Is his farm large enough to 
permit him to make the adjustments which seem to be required, 
assuming the means for doing so are provided? Might he not be 
much better off somewhere else," and the land used to greater ad-
vantage in range grass or forest? Consciously or otherwise, these 
questions are answered in one way or another every time a loan is 
extended by the Farm Security Administration. How they are 
answered has strong implications from the standpoints both of the 
client's welfare and the public interest in conservation of human • 
and land resources. 
A slightly different aspect of land classification appears from 
the viewpoint of the lending agencies who take the traditional bank-
'As of June 30, 1940, the Farm Security Administration listed approximately 
7S_6,000 borrowers, 120,000 paid up and closed, and 550,000 grant cases, or a 
total of 1.406,000 cases served by grants and loans during 5 years of operation. 
These figures do not include the countless applications which have been re-
jected because the applican'. was considered eligible for other, regular types 
of credit. 
'Johnstone. Paul H . Somewhere Else. U. S. Bureau of Agricultural Economics, 
Land Policy Review 2(6):1-9, November-December, 1939. 
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ing point of view. From this standpoint, the important questions 
revolve around the element of risk. The soundness of the loan is 
largely determined by calculation of the prospects for repayment 
with interest during the period of the loan. While lending agencies 
also have a strong interest in conservational land use, the fact re-
mains that they are under no specific obligation either to promote 
conservation or to rehabilitate distressed people. Where the risks 
appear to be too great, these agencies may neatly solve their prob-
lem in the area by refusing to extend credit. Credit, however, is an 
important element in bringing about constructive adjustments in 
land use. Even relatively poor resources when properly utilized may 
constitute good risks. The importance of land classification to the 
institution of credit lies in the guidance it provides as to what con-
stitutes economically sound land utilization and hence good credit 
risks. From the long-time credit standpoint, these terms are virtually 
synonymous. 
The Soil Conservation Service, in its program of promoting soil 
conserving practices, doubtless frequently encounters perplexing 
problems arising from the fact that, whereas optional uses of land, 
as for example cropping and grazing, may require different soil con-
serving practices, in certain areas the "best use" of the land, con-
servationally and economically speaking may be open to controversy. 
Worse still, the apparent answer may run so directly counter to the 
prevailing system of land use that it would be impolitic to announce 
this fact unless reinforced by an analysis of the critical factors and 
a land classification of such impregnable logic that it could not be 
denied. Under these circumstances, an adequate justification for a 
program of conservation will ordinarily require an analysis which 
takes into account not only the soil and the practices required to 
keep it in place, but also the social and economic consequences of 
alternative types of land use. 
As a final illustration, the production adjustment efforts of the 
Agricultural Adjustment Administration need only to be mentioned 
to set in motion a train of ideas revolving around the important 
function which general land classification serves in relation to this 
program. The concept of comparative advantage, regionally and 
locally applied, represents the very heart of the land classification 
problem from the viewpoint of this program. 
It is in recognition of this underlying need and of the importance 
of drawing upon farmers' knowledge gained through experience in 
using the land, that the current agricultural land use planning pro-
gram has been conceived and brought into being. A major phase 
of this far-flung effort is directed toward land classification as a 
general guide to the planning of land use through the cooperative 
efforts of the farmers and the trained scientists. 
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This paper is offered as a partial exposition of the materials 
and techniques available to the trained scientists in the general land 
classification process, by the use of which they may make their 
contribution to planning for better land utilization. 
In introducing the ensuing discussion, it should be made clear 
that, as land classification is a process of formulating value judg-
ments rather than a distinct subject-matter field, it draws its facts 
and concepts from many branches of science. The growth of land 
classification to a place of considerable interest and importance is 
a relatively recent phenomenon-a matter of a decade or two. The 
processes and methods for combining the knowledge from the many 
fields of science are not yet well established; they are still in the 
experimental stage. However, current needs necessitate an attack 
upon the problem of land classification with such methods, materials, 
and techniques as are known or offer promise. Whether efforts at 
land classification are undertaken for experimental purposes, or pur-
posefully to classify land, a first essential is a systematic organization 
of the task. including determination of the types of information to be 
obtained, and the order of their treatment. 
"The general problem of classification," as Kellogg and Ableiter 
have expressed it. "is to place the objects classified into suitable 
categories, the better to study and remember their characteristics 
and to show their interrelationships.'" Two main aspects of the gen-
eral problem of land classification, which are commonly recognized, 
may be expressed as (1) the physical aspect, which takes into account 
such physiographic considerations as variations in soils, climate and 
lay-of-the-land, and (2) the economic aspect, which involves super-
imposing upon the land types further considerations, economic and 
social in nature, which influence, along with physical features, the 
adaptability of the land for optional uses. These two aspects consti-
tute the two major phases of any land classification effort. By the 
very nature of things, consideration of the physical attributes of land 
must precede the consideration of its economic usefulness. In this 
discussion of materials and techniques, therefore, a distinction 
between the two phases will be maintained, and they will be dis-
cussed in the indicated order. 
The Physical Aspect of Land Classification 
Concept of Land Type.-C. E. Kellogg defines a ·•natural land 
type" as "land having a particular set of defined natural characteris-
tics, principally of soil, climate, relief, stoniness and native vegeta-
tion.' C. P. Barnes defines a land type as "all the land possessed of 
'Kellogg, Charles E., and Ableiter, J. Kenneth. A Method of Rural Land Classifica-
tion. U. S. Department of Agriculture, Tech. Bui. 469, February 1935, p. 2. 
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a given set of characteristics.'" J. 0. Veatch says that, "The natural 
land types (in Michigan) consist of various combinations of the soil 
types, relief features, and topographic forms such as hills, basins, 
lakes, and swamps.''" The concept of land type referred to by Kellogg 
and by Barnes may be distinguished from the concept by Veatch. 
What Veatch evidently has reference to are large areas comprising 
land type complexes, patterns, or associations. Because of the inter-
relationships between land types in such a situation, the term "land 
type association" probably best describes those natural phenomena 
to which he refers. In reference to Dr. Kellogg's definition, attention 
may be called to the fact that the use of the term "natural" may be 
misleading in that. for the most part, land is no longer in a "natural" 
state. Hence, it may be an improvement in the definition of the con-
cept to refer only to a "land type" rather than a "natural land type," 
and to define the former as land having a particular set of defined 
physical characteristics, principally of soil, climate, relief, stoniness 
and native vegetation. 
Land-Type Inventory.-The direct objective in the mapping and 
description of land types is to obtain an inventory of the physical 
characteristics of land. For purposes of clarity in this paper, the 
mapping and description of land types is designated as "land-type 
inventory.'' For this process, information pertaining to the follow-
ing factors is considered essential: 
Soil: 
Profile 
Texture 
Structure 
Chemical reaction (extent of acid-
ity or alkalinity) 
Content of organic matter and 
the essential plant nutrients, in-
cluding nitrogen, phosphorus, 
and potassium. 
Stoniness 
Internal drainage 
Topography: 
Elevation 
Lay-of-the-land 
Degree of slope 
Native Vegetation: 
Type 
Amount or volume 
Quality 
Flood Relationships: 
Frequency 
Intensity 
Duration 
Occurrence 
Physical effects 
Land Condition: 
Erosion 
Deposition 
Depletion 
Water Resources: 
Kind and extent 
Dependability 
Climate: 
Precipitation 
Temperature 
Frost free period 
Climatic hazards 
. It is not intended to imply that full treatment of all the items 
in this comprehensive list is always necessary in land-classification 
'U. S. Dept. Agr .• Soils and Men. Yearbook of Agriculture, 1938, p. 1171. 
'Supra p, 13. 
'Veatch, J. 0. Agricultural Land Classification and Land Types of Michigan, Mich. 
Agr. Expt. Sta. Spec. Bul. 231, p. 2. 
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projects. Both the character of the area under study, and the degree 
of detail desired will affect the nature of the data assembled. This 
list is intended to be a representation of the elements of knowledge 
which are usually necessary to give an adequate land-type inventory 
as a basis for general land classification. There is no intended im-
plication that variations from this list are not desirable. 
It will be recognized that the listed factors pertaining to, or more 
closely associated with soils are inventoried in the modern standard 
soil survey and the soil conservation survey. These two surveys are 
essentially the same, except that while the modern standard soil 
survey expresses slope and erosion as phases of soil types, the con-
servation survey maintains the identity of these factors through a 
system of numerical measurement recorded in a code system. Present 
land use is also shown on the conservation ·survey maps, although 
it does not enter into the determination of land types. Usually, 
reconnaissance soil survey maps are published on a scale of 
¥2" = 1 mile and detailed surveys at 1" = 1 mile. Conservation sur-
veys use the same scales and in addition use a scale of 2" = 1 mile 
for the semi-detailed surveys and 4" = 1 mile for the more detailed 
surveys. 
The techniques of soil mapping have been constantly improved 
and soils are now mapped in much greater detail and the boundaries 
are located with much greater accuracy than they were even 10 
years ago. One of the most significant recent improvements, de-
veloped in Indiana by Bushnell and Baldwin,'0 is the use of aerial 
photographs as a base upon which to plot soil boundaries. At the 
present time. most soil maps are plotted on aerial photographs or 
upon base maps constructed from them. Not only does their use 
permit more precise recognition of the external features of soil 
types. such as slope and erosion,11 but it also permits ready identifica-
tion of the relationships between present land use and land type. 
Another of the more important recent advances has been the 
recognition and mapping of soil complexes." Although soil complexes 
have been mapped since the first surveys, they were not recognized 
as such, but were designated by soil type names. The recognition 
of the importance of the soil complex aids tremendously in the 
interpretation of the soil maps. 
Inasmuch as the older soil surveys were not designed to provide 
the degree of detail which modern needs require, it is usually neces-
sary in attempting land classification in the areas they cover, to 
secure additional detail with regard to soil separations, slope, internal 
10Kellogg, Charles E. Recent Trends in Soil Classification. Paper presented at 
the annual meeting, Soil Science Society of America, Nov. 17, 1938, p. 2. 
111bid. p. 2. 
"Ibid. p. 8. 
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drainage, erosion, and information pertaining to other physical fea-
tures not previously described. In some instances, excessive removal 
by sheet erosion has resulted in a distinct change in the soil type 
since the areas were originally surveyed some 15 or 20 years ago. 
Under these circumstances. or where no soil survey has been made, 
some value may be derived from the use of topographic sheets, aerial 
photographs, and reconnaissance field surveys. The stereoscopic use 
of aerial photographs is attaining increased importance, but is ex-
tremely tedious. and can never be expected to give as satisfactory 
results as good land type maps prepared from field surveys. All in 
all, the only really satisfactory solution in such areas lies in a com-
plete new soil survey. Broadly speaking, there can be no land classi-
fication worthy of the name without accurate knowledge of the basic 
land resources and their natural environment. 
Although it must be recognized that in recent years truly re-
markable advancements have been made in soil science and soil 
survey, certain other factors of essential importance in modern land 
classification are not adequately treated _and will ordinarily require 
analysis beyond that available in present reports. Flood hazard has 
not, as a rule, received adequate attention, although in areas subject 
to floods, their occurrence is a very important factor in limiting the 
agronomic use-capabilities of the land. At the present time, sig-
nificant work is being done. in connection with the Flood Control 
Survey Program, regarding the determination of the probable occur-
rence, height, and duration of floods, and the agronomic limitations 
imposed thereby. 
Soil depletion other than by erosion is another factor with respect 
to which considerably more information is often needed than is 
customarily obtained. This problem lies more in the fields of soil 
chemistry ·and soil biology than in soil morphology and genesis, and, 
unfortunately, the latter have tended to be exclusively treated in 
soil cartography. 
Consideration with respect to water resources will ordinarily not 
be essential in the more humid parts of the country, but in the arid 
and semiarid sections water resources occupy a place of importance 
equal to that of land itself in determining use-capabilities and limita-
tions of areas. The amount, seasonality, and availability of water, 
and its quality for domestic and livestock consumption and for irriga-
tion, must be known before the adapted uses of arid and semi-arid 
areas can be determined. In addition to determinations of volume 
and variation of stream discharge, rather comprehensive surveys of 
underground water are desirable, in order to determine such items 
as the probable depth, extent, and course of underground streams or 
water bodies. the volume available, and the rate of replenishment. 
The surveys of ground water usually include an exhaustive inventory 
of existing springs and wells, not only as to present depth and fl.ow, 
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but with respect to historical changes in the depth of water-table 
and rate of flow as well. These latter considerations provide the 
most dependable evidence upon which to base judgment a$ to the 
capacity of ground-water resources to withstand the present rate or 
an increased rate of withdrawal. This determination is essential to 
judgment as to the agronomic adaptability of areas characterized by 
scarcity of water. 
In addition to the foregoing, more detailed information will 
usually be required with respect to the climatic environment. 
Ordinarily, the soil-survey reports contain a brief treatment of aver-
age climatic conditions, and call attention to some of the more 
striking climatic causes of crop failure, such as drought, hail, or 
frost. An adequate climatic analysis would place attention not on 
average conditions of climate, but upon the expected range of con-
ditions, and the frequency or rate of occurrence of conditions favor-
able and unfavorable to plant growth and plant life. The agronomic, 
and hence the economic. implications of climatic variations are tre-
mendous. To one who is at all familiar with the climate of the 
Great Plains. for example, extreme and prolonged periods of drought 
are not considered abnormal. They are a very characteristic part 
of the range of climatic conditions that are to be expected, and 
sound evaluations of land adaptability must take into account the 
. frequency of favorable and unfavorable seasons, rather than average 
conditions. The analysis of climate should be carried far enough 
to provide a basis for an understanding of the climatic limitations 
upon the adaptation of various kinds of plants. Temperature, precip-
itation. effective hours of sunlight, and length of growing season are, 
of course, the main elements that need to be described. Where they 
are important, wind directions and velocities, frost pockets, hail 
frequencies, rate of evaporation, and other climatic factors should 
be determined. 
All of the information described above will not always be ob-
tainable and will not always be required. Land classification must 
usually depend to a certain extent Ul?On estimate, based upon em-
pirical observations or a survey of informed opinion, as in the County 
Agricultural Land Use Planning Program now being carried on. 
The foregoing represents perhaps an idealized outline of the types 
of data which would be desirable for a truly scientific land classica-
tion. However, land classification can, and usually must, be under-
taken with less than the ideal inventory. 
Agronomic Evaluation and Classificaiion of Land Types.-Deter-
mination of the agronomic adaptations and limitations of the physical 
land types is a distinct and extremely important phase of land 
classification. Several divergent efforts have been arid are being 
made to evaluate land types according to their agronomic adaptabil-
ity. Various terms have been contrived to express the concept of 
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agronomic adaptability, among which we may mention productivity 
ratings, productivity indexes, and land use-capability classes. Brief 
discussion will be accorded the more common systems. 
The system of evaluation in most common usage is the so-called 
productivity index. which was devised to convey some idea of the 
relative usefulness of various land types for numerous crops. In 
the productivity rating system developed by the United States Soil 
Survey, in cooperation with the State Agricultural Experiment 
Stations, each soil type or phase mapped in any given area is given 
two types of ratings. J. K. Ableiter has described these ratings in a 
paper entitled, "Productivity Ratings in the Soil Survey Report.'"' 
Among many interesting comments he gives the following descrip-
tion of the productivity ratings themselves: 
"The productivity rating table brings out both the local and 
the broader regional differences among the soils by establishing cer-
tain yields as standards of reference. The standard yield for each 
specific crop has been selected to represent approximately the aver-
age yield obtained without amendments on the best soil of the region 
in which the crop is principally grown. The exceptional and in-
extensive soil types which are especially well adapted to a particular 
crop receive indexes above 100 instead of establishing a standard 
so high that large areas known for their production of a crop 
might receive relatively low ratings. The standard for permanent 
pasture, for example, has been taken as 100 cow-acre days instead 
of 360-one acre supporting an animal unit through the entire year 
-which is the probable carrying capacity of certain soils of small 
extent along the coast of Washington and Oregon." 
In reference to the second type of productivity rating, Mr. 
Ableiter says, "Another feature of the productivity table-and it is 
without question the most perplexing one-remains to be mentioned. 
I refer to the general productivity grade or the arrangement of soil 
types in the order of their general productivity." Mr. Ableiter then 
describes the method of grading the soils on a scale of 100, and men-
tions that they are then grouped into 10 groups according to their 
composite crop indexes. "Those soils with a weighted average 
between 90 and 100 fall into grade 1; those between 80 and 90 into 
grade 2, etc.''14 
A second significant system of agronomic evaluation and classi-
fication of land types is the .use-capability classification developed in 
connection with the soil conservation surveys. The following quota-
tion from the Soil Conservation Survey Handbook refers to the 
classes established in these surveys: 
"'Ableiter, J . K. Productivity Ratings in the Soil Survey Report. Soil Sci. Soc. 
Proc., 1937, p . 418. 
"Ibid, p . 418. 
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"These classes indicate the most intensive tillage that can be 
practiced safely with permanent maintenance of the soil, or in regions 
where cultivation is not practiced, the most intensive utilization for 
range or forestry that is consistent with preservation of the soil and 
its plant cover. They are determined wholly on the basis of physical 
characteristics of the land including its climatic environment at the 
time of mapping."10 
This last statement is further elaborated with these words: "At 
least four groups of factors must be considered: (1) Permanence of 
the soil if cultivated (susceptibility to erosion); (2) productivity of 
the soil as conditioned by native fertility, capacity for retention and 
movement of water. salt content, aeration, or other factors; (3) the 
presence of any factor that would interfere with cultivation, such 
as stoniness or a hardpan layer; and ( 4) the climatic environment, 
particularly temperature and precipitation."" 
In another place it is stated that: "In the general definitions no 
attempt has been made to consider the soil requirements of different 
crops. Some lands that are classed as I, for example, may not be 
wholly satisfactory for the production of all crops adapted to the 
region, but any land placed in this class must give moderate 'to high 
yields of one or more crops."11 
Still another paragraph is worth introducing here: "Classes of 
land according to use-capability may not be permanent in character. 
Permanent changes, such as· removal of top soil by accelerated 
erosion, accumulation of toxic salts, artificial drainage, or an in-
creased availability of water for irrigation, may subsequently neces-
sitate reclassification of the areas involved or reappraisal of the 
classifications. Introduction of new crops or of farming methods not 
previously known to be applicable may have a similar effect. Experi-
ence may demonstrate that some established practices do not insure 
adequate protection of the land, so that some reclassifications or 
reappraisal of the previous classification may be necessary."" 
The classes are stated in general terms and must be "sharpened" 
or modified with reference to local conditions and practices. Five 
classes are defined for arable regions including:'" 
I-Land suitable for cultivation without special practices. 
II-Land suitable for cultivation with simple practices. 
III-Land suitable for cultivation with complex or intensive practices. 
IV-Land not suitable for continuous cultivation. 
V-Land not suitable for cultivation. 
"Norton, E. A. Soil Conservation Handbook. U. S. Dept. .A.gr. Misc. Pub. 352, 
Aug. 1939, see p. 14. 
101.'bid. )). 15. 
171.'bid. );l . 15. 
"Ibid, p. 14. 
"Ibid, pp. 16-20. 
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In grazing regions, the following four classes are used: 
VI-Land that, because of inherent soil characteristics or environmental features, can be utilized effectively for permanent grazing without the practice of special measures to control soil erosion or to correct other unfavorable conditions. 
VII-Land that. because of inherent soil characteristics or environmental features, can be permanently grazed through the use of good range man-
agement or measures to conserve rainfall and control soil erosion, or to 
correct other unfavorable conditions. VIII-Land that, because of inherent soil characteristics or environmental features, can be used effectively for permanent grazing under very strict 
range management. 
IX-Land that, because of inherent soil characteristics or environmental features, cannot be utilized effectively for grazing, such as barren tracts 
and inaccessibly steep areas. 
Another system for evaluating land types according to their 
agronomic significance is the Storie index. This index is intended to be a "numerical expression of the degree to which a particular soil presents conditions favorable for plant growth and crop production 
under good environmental conditions. In arriving at the relative index of soils three general factors are considered. These are (A) the 
character of the soil profile; (B) soil texture and (C) other modifying Each of these three factors is evaluated on the basis of 100 per cent factors, such as drainage, alkali and other miscellaneous conditiuns. for the most favorable or ideal condition, with limiting maximum 
and minimum ratings ascribed to conditions that are less favorable for plant growth.'"0 These three ratings are then multiplied together to get the index rating for the soil type." 
In developing the relative ratings on the basis of soil profile, or 
the "A" factor, Dr. Storie has grouped all California soils into six 
major groups." These groups are, briefly: 
Group I. Unweaihered or only slightly weathered secondary soils (young soils). Deep, medium textured soils occurring on flood plains and alluvial fans; adapted to a wide range of crops; represent the most valuable 
agricultural soils in California. Rated 95 to 100 per cent on profile <The "A" factor in the Storie index). 
Group II. Moderately weathered secondary soils (immature). Deep soils somewhat less pervious to roots and water than Group I because of clay accumulation; occurring on smooth terraces, mesas, 
and lower benches, sometimes slightly irregular topography; good 
soils of less value than Group I primarily because of difficulty of irrigation. Rated 80 to 95 per cent on profile. 
Group III. Strongly weathered second11ry soils with dense clay 11ubsoils (semi· 
mature). 
Characterized by dense, plastic clay subsoil, leached surface usually 
sandy in texture and low in plant food, and normally moderately 
"Storie, R. .Earl. An Index for Rating the Agricultural Value of Soils. 
"Ibid, p. 5. 
"'Ibid, pp, 6-20. 
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acid: occurring on terraces and .. benches, often eroded: of low value 
because of impervious subsoil and difficulty of irrigation Rated 40 
to 80 per cent on profile. 
Group IV. Maturely weathered secondary soils with hardpan. 
Cemented, rock-like subsoil, causing poor drainage; occurring on slop-
,ing terraces or valley floors under semiarid conditions. Profile ratings 
5 to 60 per cent, depending upon depth to hardpan. 
Group V. Strongly weathered soils with dense clay subsoils resting on consoli-
dated materials. 
Surface soils leached, acid; dense clay subsoil; hardpan substratum; 
occurring on high terraces along the coastal plain; usually consider-
ably eroded. Rated 20 to 40 per cent, depending on depth to clay 
layer, depth to substratum and surface relief. 
Group VI. Soils developed on bedrock (primary or residual soils). 
Characteristics determined by character of parent rock and climatic 
conditions: often shallow and stony; moderate to steep slopes difficult 
to farm and subject to erosion; clay accumulation, but less than 
Groups HI, IV and V; usually well drained. Rated 20 to 70 per cent, 
depending upon depth to bedrock, texture of surface, and stoniness. 
Another example of land-type evaluation and classification is 
that developed in Montana" by the Department of Agronomy and 
Soils in cooperation with the former Bureau of Chemistry and Soils. 
In the earlier work, soil types were grouped first into three broad 
use groups (farming, farming-grazing, and grazing), primarily on 
the basis of topography, and the farming group subdivided on the 
basis of color of the surface soil. In the more recent work. the lands 
classed as farming lands are graded into four numerical grades 
according to the yields of wheat on summer-fallowed land, as sho"<An 
by a survey of yield history. The more hilly and rough lands, classed 
as grazing land, are graded into five numerical grades according to 
the number of acres required to carry a mature steer 10 months. 
The land classification work of the United States Geological Sur-
vey in the Great Plains" also merits ·consideration as an example 
of land-type classification. "Information was drawn from numerous 
sources, including the State experiment stations, United States 
Weather Bureau, United States Census, crop reporting service, and 
other sources, to aid in the determination of agricultural adaptabil-
ity. The information so obtained served to supplement and aid in 
the interpretation of field survey data which embraced such con-
siderations as present land use and identification of native vegeta-
tion. The latter was considered significant as an indicator of the 
"See, Starch, E. A. Readjusting Montana's Agriculture, VII; Montana's Dryland 
Agriculture. Mont. Agr. Expt. Sta. Bul. 318, Apr. 1936. Also: Saunderson, 
M. H. Readjusting Montana's Agriculture, V.; Economic Changes in Montana's 
Range Livestock Production. Mont. Agr. Expt. Sta. Bul. 311, Feb. 1936. 
"Aldous, A. E., and Deeds, J. F . Land Classification of the Northern Great Plains. 
Mimeo. pub. 35,831, 1929. Color-mapped on eight sheets. Also Central Great 
Plains, Colo., Wyo., Utah and Nev. 
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adaptability of undeveloped land for crop production or grazing. 
The principal classes of land shown on the maps are (1) tillable land 
subdivided into irrigated land, irrigable land, dry-farming land, 
farming-grazing land, grazing-forage land, and grazing land which 
is tillable (the subgrouping is in terms of favorability of . soils and 
climate for crop production); and (2) non-tillable grazing land. 
The Bureau of Reclamation. of the Department of the Interior 
uses a system which is somewhat similar in most of its features to 
other land type classifications previously described. The land classi-
fication work of this Bureau ·is generally confined to areas which 
give specific evidence of suitability for irrigation farming, and is 
intended to indicate the potential productive capacity of the land 
when irrigated. The primary factors used in the land classification 
are soil (including profile, texture, characteristics of the soil solution), 
topography, and drainage. Because the nature of the work involves 
the formulation of judgments relative to lands which have never 
been used, conclusions are drawn partly from the proven success or 
failure of agriculture on similar land types in irrigation projects 
already in existence. Six classes are included in the land classifica-
tion system. Classes 1, 2 and 3 include arable land, Class 4 is called 
semiarable, Class 5 is nonarable under present conditions, and Class 
6 is considered permanently nonarable. Specific definitions are, of 
course, set up for each of these classes. The purpose of the particular 
land classification survey determines whether it will be of recon-
naissance, semidetailed or detailed character. The scale of the recon-
n<tissance is 1 inch= 2,000 feet; the semidetailed maps are on a scale 
of 1 inch = 1,000 feet; and the detailed surveys are plotted on maps 
having a scale of 1 inch= 400 feet. The classifications are made 
by field survey. 
Any attempt to appraise these materials and techniques accord-
ing to their usefulness in general land classification will have to be 
based on answers to these questions: Just what do we want to know 
about these land types? In what terms do we want a summary of 
our knowledge about them expressed? On what basis do we want 
them evaluated? Do we want, for instance, only a judgment of the 
relative productivity•• of different land types as they are compared 
with each other, or with an ideal, or do we want a more nearly 
absolute appraisal of agronomic adaptations and limitations and 
productivity? Further, are we mainly interested in so-called natural 
productivity, or are we interested in the changes in the ranges of 
plant adaptation and growth that may be brought about by things 
2'Kellogg, C. E. U . S. Dept, Agr. Yearbook, see page l174. Productivity is defined by Pr. Kellogg as "the capabiUty of a soil for producing a specified plant 
or sequence of plants under a specified system of management." 
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man can do or has done to the land-by drainage, irrigation, flood 
protection, liming, fertilizing, terracing and clearing? Do we want 
to know only the use-limitations imposed by the probability of soil 
erosion, or are we interested as well in the use-limitations imposed 
by the probability of soil depletion, floods and droughts? 
In determining the land's productive capacity, it is not enough 
to know its relative capacity. In planning for better land use in any 
given area it is not enough to know that this land is better than that 
land. It is helpful to know, however, just what crops are the better 
adapted, what relationship they should bear to each other in a 
rotation, what rotation and what soil amendments contribute to the 
maintenance of the productive capacity of the land, and what 
amounts of production of the adapted crops are likely to be obtained 
under the various climatic conditions that are likely to prevail and 
under various techniques of production. 
The term "natural or inherent productivity" is misleading. The 
"natural" production of corn, for example, is meaningless because 
corn is not grown in agriculture by "natural" methods. It is grown 
by one or another set of techniques of production; one farmer plows 
deep, while another plows shallow; one farmer uses one kind of 
fertilizer, while his neighbor uses something entirely different. In 
Livingston County, New York, a study shows that 514 farmers used 
over forty different kinds of fertilizer." It is hardly conceivable that 
the plant response from each of these forty odd kinds of fertilizer 
was the same. The amount of corn that a farmer has in his crib in 
the fall depends directly upon these techniques of production as well 
as upon the climate and the character of the soil. The soil scientists, 
who have led in the development of these concepts, are, of course, 
fully aware of these shortcomings, as illustrated in a recent paper 
by J. K. Ableiter." Because man can drain, clear, fertilize, lime, 
terrace and in other ways alter the physical character of the land, 
and as he has been doing so for some considerable time, it is im-
portant to know what increases in the range of plant adaptations 
and of growth can be achieved by thus changing the physical char-
acter of the land. 
Attention needs to be directed to those use-limitations imposed 
by other physical factors in addition to the probability of soil erosion. 
Soil depletion must be considered; hence the grading of land types 
for a given crop is not of as much value as the determination of 
adapted rotations and necessary soil amendments. The probability 
of floods is similarly just as important on some land types as the 
probability of soil erosion under certain conditions is on others. 
"Warren. Stanley W. An Economic Study of Agriculture in Northern Livingston 
County, (Cornell) Agr. Expt. Sta. Bul. 539, May 1932, p. 48. 
''Productivity ratings, supra, p. 420. 
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The problem might be expressed in this way: Given a certain 
land type of known physical properties in a given climatic setting, 
what is the likely volume of production of agronomically adapted 
and economically significant plants grown in a manner consistent 
with the conservation of the soil, within a reasonable range of prac-
tices and applications of various amendments? Knowledge of this 
kind about each type is much more valuable than relative productiv-
ity ratings, subjective land gradings, or land-type classifications based 
upon the limitations imposed by only one factor. At this stage in the 
process of land classification greater importance is to be attached to 
knowledge of the absolute agronomic capacities of each land type 
than to a determination of which land types are better than others. 
Both inductive and deductive reasoning processes are used in 
attempting to ascertain the agronomic adaptations and limitations of 
land types. While each has its limitations, the greatest value lies 
in their complementary rather than separate use. The construction 
of hypotheses as to the productive capacities of various land types 
should be based on many observations of experience and experiment. 
In obtaining such records, information relative to the conditions 
under which the yields of various crops were obtained is fully as 
important as accurate yield statistics. It is also of tremendous im-
portance to try to determine the conservational consequences of the 
past use. High yields may have been attained at a concealed cost 
in soil depletion, and therefore may not reflect true productive capac-
ity over a long period. Whether the tentative hypothesis first arrived 
at is derived by the inductive or by the deductive method, it should 
be checked by the other approach. Therefore, if the tentative hy-
pothesis is constructed from an interpretation of yield data and the 
circumstances bearing on each yield, the tentative conclusions should 
be checked by the construction of a second hypothesis from knowl-
edge of the principles of plant and soil relationships, and vice 
versa. 
When the agronomic possibilities of each land type have been 
thus evaluated, these types may be grouped or classified according 
to the similarity of their agronomic adaptations and limitations. In 
other words, even though certain land types may differ in one or 
more characteristics, if they evidently possess the same general 
agronomic possibilities, these types can be placed in the same class. 
To the land classifier, this grouping is the end and the aim of the 
land-type inventory and agronomic evaluation which have gone be-
fore. The center of interest shifts to the land-type classes, and the 
identity of the individual land types becomes · of secondary im-
portance. 
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The Economic Aspecf: of Land Classification 
The inventory and agronomic evaluation of land types sets the 
range of possibilities of land use. The problem of the economic classi-
fication of land is one of use choice. Its solution lies in ascertaining 
within the limits of agronomic adaptation the highest economic use 
of land resources under existing and predictable economic, social, 
and technological conditions. The economic aspect of land classifica-
tion is much more dynamic than the physical aspect, in that it is 
predicated not only upon the characteristics of the land, but upon 
economic conditions which are more subject to change. Significant 
or permanent changes of an economic nature, such as might be in-
duced by developments in technology, new crop discoveries, or 
changes in the national diet, might require that the classification be 
substantially revised. It should be obvious that these considerations 
require the maintenance of a clear cut distinction between the 
physical and economic aspects. Where such separation is maintained, 
a change in economic factors would merely necessitate a reconsidera-
tion of the economic significance of the physical land types. On the 
other hand. if the identity of the physical factors is lost or obscured 
in the economic land classification, a change in economic factors 
would invalidate the entire structure and necessitate its rebuilding 
from the ground up. 
From the standpoint of the entrepreneur, the problem of use 
choice is expressed in terms of economic gain, and revolves around 
the cost-price relationships of the products that can be derived from 
the land. Because land is only onP. of the factors in production, the 
cost of production is not wholly determined by land, and hence the 
highest · economic use of the land from the viewpoint of the 
entrepreneur can be determined only in the light of its relationship, 
at any given itme, in combination with labor and capital in the 
optional land uses. Total costs of production, in relation to prospec-
tive or anticipated returns, and the comparative level of net return 
will determine the use choice. 
Society likewise is interested in, and in many ways exercises a 
degree of control over, the matter of individual use choice. Public 
interest is concerned with social costs and returns, which differ from 
a mere aggregation of individual costs and returns in that society 
looks to the distribution of the returns, and the incidence of the 
costs, among the entire group over the long period. As related to land 
classification, with its implications of land use and land use choice, 
public interest is most commonly expressed in terms of . resource 
conservation, and in terms of the standards and costs of public serv-
ices as influenced by the settlement pattern. 
Generally speaking, however, considerations of social interest 
in land use are not likely to overthrow judgments as to land use 
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suitability developed from the viewpoint of the individual entrepre-
neur. There are undoubtedly some cases in which exploitative use 
of the land is of greater advantage to the individual than conservative 
use. There are other areas physically adapted to farming and large 
enough to permit the economic operation of a farm or two, but so 
small or. isolated that the provision of public services results in ex-
cessive costs to the public. In such cases as these the social consid-
erations may outweigh the individual interests in the determination 
of use choice. By and large, however, conservation is good business 
for the farmer, and excessive costs for public services are not in-
curred except in areas that are either physically or economically not 
well adapted to agriculture. 
Materials and Techniques of Economic Land Classification.-
Economic land classification involves both inductive and deductive 
analysis. Once this fact is clearly understood, the types of materials 
and techniques used, and the essential logic of the process will be 
more readily comprehended. 
The inductive process consists of the appraisal of relative success 
and failure of various types of land use which have been tried or 
which still exist in the areas being classified. The process is ham-
pered by the fact that relative or absolute success or failure cannot 
be imputed solely to the type of land use practiced. Other factors, 
including size of farm, conditions of tenure, availability of operating 
capital, and efficiency of management are likely to be as strongly 
influential in determining success as is the type of land use. These 
obstacles, however, may be largely overcome through judicious and 
adequate sampling. 
In the appraisal of experience, a great many kinds of evidence 
may be obtained, some of which may not be dependably indicative 
in themselves, but the cumulative weight of several lines of such 
evidence does provide a substantial basis for judgment. 
Farm survey records provide the best data obtainable, not only 
because a record of actual land use may be reconstructed from them, 
but also because detailed analyses can be made of labor and capital 
costs, production, and financial returns. The outstanding merit of 
farm survey records lies in their exposition of the relationships of 
land, labor, and capital in actual operating farm organizations. Farm 
records that cover a considerable period of years are exceptionally 
valuable for land classification purposes, since the different economic 
consequences of good and poor land use are more likely to be un-
mistakably revealed over the long period. Detailed farm survey 
records serve their highest usefulness when the sample is selected 
in such a manner as to provide a representative and adequate cross-
section of the several land-types under investigation. The data thus 
developed are used in the evaluation of the specific land types. 
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In the analysis of these records there are several points that 
must be kept in mind: (1) It is usually true that the key to what con-
stitutes economic land use will likely be found not from an analysis 
of the so-called average farms, but from an analysis of the full array 
of . farms according to type and size so that the relative success of 
the better use systems and practices may be revealed; (2) care must 
b.e taken not to ascribe farm success solely to good land use, or lack 
of success altogether to poor land use, when other causal factors 
may have been important considerations; (3) it is not always true 
that land use that has resulted in past success may be the road to 
future success. In this regard the role of soil depleUon is an im-
portant consideration. Too many farms give evidence of capital 
increments when what has really occurred has been the transference 
of soil capital into buildings, operating expenses, or personal con-
sumption goods. Further, even though past success has been built on 
conservative use of the land and sound farming practices, there is of 
course, only limited assurance that past experience in land use has 
revealed the most economic use, or that the use now most economic 
will continue to be so. 
Securing of farm survey records on an extensive scale, however, 
is an extremely costly and time-consuming process. This fact has 
led to experimentation with various short-cut devices which might 
serve to indicate farm success and failure where farm survey records 
themselves are not available or would be too costly for the purposes 
at hand. These generalized or short-cut methods of appraisal are, of 
course, strongly bolstered when supplemented by detailed records 
from sample farms. 
One of the best known of such indexes is that developed at Cor-
nell University. Taking into account the number, size, and condition 
of farm buildings, as well as the general appearance of the fields, 
farms are classified into five classes on the basis of the apparent 
size of the capital investment and the degree of success with which 
it has been maintained. In the more recent studies, these classes 
are: excellent, good, fair to good, fair to poor, and poor. The pattern 
of these classes is then used with other data to determine the rela-
tive intensity of land use to which areas are adapted. In explaining 
this index, Dr. A. B. Lewis expresses the view: "The size and the 
condition of the barns, silos, corncribs and other farm buildings, in 
a region which has been settled for many years, are an indication of 
the productivity of the land and the returns from farming.'"' 
In the New York studies a number of farm-business records were 
obtained to test the reliability of the buildings index as a basis for 
"Lewis, A . B. Methods Used in an Economic Study of Land Utilization in 
Tompkins County, New York, and in Other Similar Studies in New York. 
N. Y. (Cornell) Agr. Expt. Sta., Memoir 160, April 1934, see p. 18. 
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farm classification. A "comparison of the variability of measures 
of size of business and income" led "to the conclusion that the farm 
classification was practically as good a measure of average returns 
from farming as could have been obtained by grouping the farms on 
the basis of the value of the total capital investment," and the for;mer 
method was the less expensive." 
It is apparent that the general usefulness of this index is limited 
by the degree of relationship which can be shown to exist between 
farm income and size and condition of farm buildings. The more 
important limitations of this index are likely to arise from two sources: (1) farm buildings may not truly reflect farm income, and (2) even 
if they are a fairly good index of past farm income, that income may 
not accurately represent the true productive capacity of the land 
resources. These limitations obviously apply in newly settled areas, 
where permanent improvements have not yet been made, and where 
the best adapted land use has not been conclusively established. Their 
application is probably less obvious, but equally important, wherever 
the importation of foreign capital into an area has been or is now a 
relatively significant factor, or where. conversely, tenure arrange-
ments are such that income does not find its way back to the farm in 
the form of capital improvements. While these considerations may 
not invalidate the use of the buildings index in a given setting, they 
appear to require that it be carefully checked by judiciously selected 
farm-business records, as was done in the New York studies, or by 
other types of supporting evidence. 
Other indexes sometimes used to indicate lack of economic suc-
cess have to do with various measures of economic distress. such 
as the extent of relief grants or loans. loan experience, including 
the volume of mortgage foreclosures, the extent of tax delinquency, 
and the extent of idle land and farm abandonment. When such 
evidences of distress occur in greatest concentration in connection 
with certain types of land use in contrast with other types in an 
area of homogeneous physical and environmental conditions, the 
cumulative weight of such evidence serves to indicate the relative 
economic soundness of. the optional types of land use. 
This approach is perhaps best illustrated in recent work in the 
Great Plains by Howard N. Watenpaugh," in which data on govern-
ment loans and relief are used as one index of distress. Other 
measures of distress included idle land and farmstead occupancy. 
The loan and relief data presented a special problem in that the 
consolidation of figures on many kinds of governmental aid was 
necessary. His approach represents an adaptation of the technique of 
29lbid, p. 28. 
00Watenpaugh, H. N. A Land Classification Procedure for the High .Plains. (Manu-
script prepared for publication, but as of Sept. 1940 not yet published. 12 pp., illus.) 
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the Storie Index to the consolidation of these data in a single ex-
pression. Relative weights are assigned to each form of aid according 
to the degree to which it is assumed they measure economic "sound-
ness" of the operating units. An operator to whom no governmental 
emergency credit or aid has been extended is considered 100 per 
cent "sound." The weights assigned to the various types of aid are 
as follows: 
Seed Loans ---------------------····-------····----------------------------------- -------------------- -------- 95 
Feed Loans ------------------····--·-····-···--···------- ----------------------- ------ --- 95 
Rural Rehabilitation loans (Farm Security Admin) ·····-·----······---------------------- 70 
Rural Rehabilitation grants (Farm Security Admhi) ------------- ------------------ 50 
Work relief ··-··········-··-··-··-···--------------- - -------- ------ --------------------------- ------------ 85 
Direct relief --------·--------------------------------------- 40 
Where two or more types of help are found, the data are con-
solidated by cross-multiplying the ratings of the several types of aid 
received. 
"In evaluating these factors for mapping purpose, the following 
divisions have been used:" 
No loans ------------------------- ------------------:..---------------------- None 
99-85 -------------- ·······-- --- ---- ------------ ---- --- --- -·-·· Slight 
84-55 --------- --------- ------- --- ---------------------------- Moderate 
54-25 --------- ------- ---- ------- - - ------------------------------ Serious 
24 and below -----------------------------------------------------·------- ------------------------------·--···-·--- - Severe 
On the basis of these consolidated groups or classes, areas are 
then mapped according to relative degrees of distress. 
In discussing this index, Mr. Watenpaugh expresses his reserva-
tions in the following words. "It should be emphasized at this point 
that the weighting so obtained cannot be considered an absolute guide 
to judgment. It is recognized that there is always a strong personal 
factor involved in such matters as acceptance of public aid of what-
ever sort. Likewise. these matters often are subject to a strong com-
munity bias. It is apparent, however, that a heavy concentration of 
several types of public aid in a given area is significant evidence 
that something is fundamentally wrong in the economy of that area. 
If significant difference in the degree of dependence upon aid are 
found to be highly correlative with different systems of land use in 
areas otherwise generally homogeneous. this correlation will serve 
as an aid to judgment as to relative success and failure of the land 
use systems found."11 
Land values as an index of past experience are sometimes ap-
proached through the analysis of tax assessments, appraised values for 
mortgage credit. and sales price. Insofar as these valuations truly 
express land use experience, they may be legitimately admitted to 
the classification. It is commonly agreed, however, that land prices 
11Ibid. 
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reflect not so much experienced income as anticipated future in-
come, and optimist or pessimism, whichever happens to prevail, 
usually exaggerates the prospects. Experience indicates that ap-praisals for credit purposes, when made by trained and experienced 
appraisers, are much more trustworthy. Tax assessments, it se~ms, 
must be used with great care. In several studies that have been 
made, the assessed valuations did not compare any too favorably 
with such factors as soil productivity, grazing capacity, or other 
measures of real value.32 The weakness of tax assessment data 
resulting from time lags, regressiveness of assessments, and other 
aspects are widely recognized, and consequently need not be elab-
orated upon here. 
Data which have been assembled in the offices of the Agricul-
tural Adjustment Administration are an invaluable source of infor-
mation as to present and recent land use. Frequently a coverage of 95 per cent of a county's area may be found. Not only may data for 
a single year be obtained and related by use of aerial photographs 
to specific land-type areas, but the use history of land for several years is now obtainable. 
Through an analysis of such empirical data as those described 
above, it is usually possible to formulate a tentative hypothesis as 
to the relative success of various types of land use in a given area from the point of view of the entrepreneur. The validity of this hypothesis depends upon the weight of evidence behind it. It should be clear, therefore, that it is usually neither safe nor desirable to use 
only one line of evidence of past experience, but rather that it is important to use as many as can conveniently be drawn upon. 
The purely deductive type of reasoning is best exemplified by 
the budget approach. In practice; the deductive method usually 
starts with the land-type inventory and an appraisal of climatic 
environment, assumptions as to the adaptability of various crops 
and livestock, and estimated yields and production. Using predicted prices of farm products, and calculating production costs (assuming 
reasonably good farm-management techniques), the analysis then proceeds through the .farm-budget approach to construct plans for hypothetically suitable farm units. Some weakness is inherent in 
the system in the extent to which the structure of logic rests upon 
assumptions which are not susceptible to ready verification, and to 
the disproportionate influence which minor variations in imputed production, cost or price exercise upon the net operating income or 
32See Voelked, S. W., and Longmore, T. W. Assessment of Dry-Farming and Grazing Lands in Weld County, Colorado. Bur. Agr. Econ. July 1939. Also, Englehorn, A. J. Land Classifictaion as a Basis for Land Appraisal and Eoualization of Tax Assessments. Land Use Plan. Pub. No. 8, Resettlement Admin .. December 1936. Also, Kellogg, C. E., and Ableiter, J . . K. A Method 
of Rural Land Classification, supra. 
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loss which is the final measure of farm success. Through the deductive 
approach, tentative hypotheses may be established with regard to the 
type of land use best adapted to the physical environment and within 
the projected economic setting. These hypotheses are, however, 
subject to checking through comparison with the hypotheses arrived 
at through inductive analysis. 
The two tentative hypotheses arrived at by inductive and deduc-
tive analysis ordinarily may be expected to be in rather close agree-
ment. Such differences as do appear, however, necessitate further 
examination of the data as a basis for reconciliation of these dif-
ferences. In newly settled areas .. or any other situations where the 
length of experience or range of types of land use are inadequate 
as a basis for judgment, it is necessary to lean heavily upon the 
deductive method of analysis. Under these circumstances, it is 
highly desirable to conduct companion studies in areas with similar 
physical and environmental endowment, and in which longer estab-
lished land use experience permits empirical analysis. These studies 
may be expected to develop conclusions which serve to check and 
verify the hypotheses constructed through the deductive approach. 
As a further check to these tentative hypotheses, consideration 
needs to be given to social or public measures of land use success. 
Insofar as conservation is concerned. the land classifier must 
recognize that the types of land use and practices which would be 
required to attain the degree of conservation socially desirable may 
not be immediately economically feasible for the individual. Land 
users may practice only as great a degree of conservation as they 
can now afford or can be cajoled into adopting, even though a 
greater degree may be in their individual interest in the long run. 
The land classified must recognize this apparent disharmony of inter-
est and allow for it in his definition of desirable directions of adjust-
ment, but he must also recognize that over a period of as long as a 
decade or two. individual and social interest in conservation are 
usually indistinguishable. 
In regard to public facilities and services, such as schools, roads 
and general government, it would seem that the existing systems of 
property taxation, subventions, and other fiscal and institutional 
arrangements have been a long time developing and are slow to 
change. The land classifier has no option, if he is to be realistic, but 
to leave critical analysis of these factors to the proper specialist and 
the legistlators, while basing his judgment upon the present level of 
public thinking as expressed in established laws and practices. 
Some measure needs to be obtained of the types, amounts, and 
costs of public services required in connection with different patterns 
of land occupancy and use, and the capacity of the various uses to 
bear the tax costs. Such indices as school costs per child in average 
daily attendance. assessed value per child or per classroom, road 
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costs per mile per family, may reveal areas where public costs inci-
dental to the existing pattern of land use and occupancy are exces-
sive, judged by commonly accepted standards. For example, in areas 
where school attendance is so small as to result in school costs in 
excess of $150 per child-year, the present land use and occupancy 
may be considered uneconomic from the public standpoint, particu-
larly if these costs are largely financed through subventions. Where 
such is the case, several other indices of public costs will ordinarily 
support this same view. Under these circumstances, the tentative 
classification developed above may in certain instances need to be 
revised. 
When the final hypothesis as to desirable land use from both 
entrepreneurial and social staudpoints is constructed, it is frequently 
desirable to group the land areas for which these desirable directions 
of land use adjustment have been set according to their similarity in 
that regard. In any case a procedure based upon the grouping of 
similar areas after their characteristics have been investigated is 
much more likely to prove helpful in any uses to which economic 
land classification is put than are procedures based upon the drawing 
up of classes prior to the analysis. 
Limi:t:a:l:ions and Applica:l:ion of General Land Classifica:t:ion 
It should be clear from the preceding description of materials 
and techniques of land classification, that there is as yet no generally 
accepted process by which definite judgment as to economic land 
use can be developed. Much of the current work in the field is 
frankly experimental. It is still necessary to examine and test a great 
many materials and techniques in the process of ultimately and 
reasonably inexpensive, for the scientific determination of economic-
ally adapted land use. One of the most pressing current needs ap-
pears to be more technical participation in the county land use 
planning process. 
Land classification as here partially described does not, obviously, 
directly provide the answers to questions which public administra-
tors face. A general land classification developed along the indicated 
lines establish the directions of land use adjustment toward which 
public activities might well be directed. It will Iiot always be 
possible for administrators of public programs to attempt adjust-
ments as far-reaching as might be indicated by a comparison between 
present land use and adapted land use as shown by the land classi-
fication. Practical considerations, including political expediency, in-
adequacy of public funds, and lack of suitable alternative oppor-
tunities for the families involved, may stand in the way of any 
immediate substantial adjustment in the desired direction. Indeed, 
the exigencies of a war, or national preparedness for war, may die-
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tate public policies and programs which temporarily run directly 
opposite to the direction indicated by the land classification. It is 
all the more important, under these circumstances, that the long-time 
objectives be soundly and clearly established, in order that they 
may not be forgotten under the pressure of emergencies, but that 
public programs may work toward their general accomplishment 
over the long run. 
DISCUSSION 
T. M. BUSHNELL' 
Although the paper entitled, "Materials and Techniques of Mod-
ern Land Classification" was read and some comments were prepared 
in advance of the Columbia meeting and other notes were also jotted 
down during the program, the "discussion" actually presented was 
largely extemporaneous. In common with many papers which were 
abbreviated when read and discussions which were supplemental in 
content rather than dealing with the original paper, the following 
written statements will represent what I might have said rather 
than just the remarks actually made at the conference. 
Messrs. Haggerty and Myers covered their subject so fully, char-
acterized the different classifications mentioned so accurately, and 
evaluated each in relation to others so very well that their exceHent 
paper rates high commendation in my opinion. Little benefit could 
come from reviewing the long list of points which they. brought out, 
but I will mention a few of them which seem especially significant 
from my viewpoint. 
The authors point out distinctions between the physical and 
economic aspects of land classification and believe they should be 
kept separated. When the economic classifications change because 
the dynamic economic factors chan~e, the relatively stable physical 
classification will still remain to serve as a basis for rebuilding new 
economic super-structures. The authors recognized social values, 
but did not appear to stress them quite so much as some other speak-
ers at the conference. 
They also pointed out that special land use classifications can 
be built upon more general land classifications and recognized the 
superiority of true generalizations over the sketchy results of recon-
naissance surveys. 
'Associate in Soil Survey, School of Agriculture, Purdue University, La Fayette, 
Indiana. 
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They argue well that there is no such thing as "natural" produc-
tivity but that production is really unnatural and they propose the 
use of a term "productive capacity". 
The authors also brought out the fact that while a large number 
of different criteria could be used in classifying the land in one 
area, it might be unnecessary to use all of them, because a pretty 
satisfactory land classification can be based on only a few kinds of 
data. 
(It is a matter of general observation that map patterns brought 
out by a few indicators are little changed by additional data, which 
means that if one kind of material happens to be available first, 
it may do little good to obtain additional material. Assessed valua-
tions of land alone and soil maps may correspond in pattern as to 
grades of land so that one may show such distinctions as well as the 
other. However, it may be noted that the assessed valuations may 
not be interpreted in very many different ways while the soil map, 
which really embodies a large number of factors, can be interpreted 
to classify the land in numerous ways.) 
This brief review omits :rtiany of the points in the Haggerty-
Myers paper which may seem more significant to other persons than 
the ones mentioned. It was frequently brought out in the sessions 
that there was confusion of thinking and conflicts in opinion on the 
many facets of land classification. As a general conclusion from the 
whole program the confusion can be clarified to my individual satis-
faction by a few re-definitions of terms. The line of reasoning is 
about as follows: 
The word "land" is very old and probably had the primary mean-
ing of "terra firma". While there may have been other connotations, 
the simple fo1ks who used it everyday did not consciously attempt 
to analyze its variations or define its limits. 
As knowledge and thinking become more complex. men even-
tually developed a school of thought for which they invented the new 
term "economics". When the economists conceived of production 
as a result of three factors. they grouped as one factor "all of the 
free gifts of nature". and since land in its primary sense was one of 
the more important included elements, they appropriated the word 
"land" to stand for their whole complex concept. In short, they 
re-defined the popular word "land" as a technical term. This sort of 
thinking has often been do.ne in the early stages of new arts or 
sciences although it may be argued that no one has a right to take 
such liberties with language. Regardless of that angle, it is poor 
policy for anyone. economist or otherwise, to confuse unnecessarily 
the laymen they wish to impress by misuse of the laymen's lan-
guage. (There are parallel cases in Soil Science where it is done). 
The economists have been working long enough to have coined a term 
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for their private idea of "land" and should do so without further 
delay and thus release the word for the more restricted physical 
definition. Surely no group as proficient as economists are in thinking 
through the maze of their subject should have much difficulty in··\ 
finding a suitable word for "economic land". It certainly would 
facilitate talking or writing about it if, like the Greeks, "they had a 
word for it". 
The term "classification" is also used in different senses by the 
several groups of men. The "classes" into which "physical land" 
may be sorted have concrete reality which can be definitely expressed 
on maps. Men can visualize the landscape of the classes by their 
"earmarks" and fixed features. 
On the other hand, as economists emphasize many times, eco-
nomic factors of "classification" are dynamic, more concrete, and 
not affixed to the land. Economists are concerned not so much with 
actually "classifying" various combinations of materials and forces 
as they are with working out the laws of interaction between all 
the factors in any situation. Their "classifications" belong in the 
order of the fourth dimension because time and progress of time 
are involved in the equations. The economists would do well to 
allow the term "land classification" to be restricted chiefly to the 
physical aspects and invent terms to represent their own concepts of 
· "economic land classification". Obviously that is their job, and there 
is no obligation to present a solution for the problem along with this 
suggestion. When they perfect their terminology, the interested lay-
men, including soils men, should find it easier to follow their dis-
cussions of the immensely important economic and social factors in 
life situations. 
To anyone connected with actual land classification projects, 
especially from the physical standpoint, the term "materials and 
techniques" is very concrete and significant, They mean tangible 
articles and definite rules for doing the work and experience teaches 
that devices or "tricks of the trade" affect results about as much as 
the viewpoint and objectives of the work. 
For instance, aerial photos have already transformed the methods, 
accuracy, and scope of land mapping almost beyond belief in the 
last ten years and the possibilities have not been exhausted. A recent 
so-called reconnaissance soil survey of a 400 square mile county 
was made with the aid of aerial photos in about two weeks by one 
man. This map is obviously more detailed and probably is more 
accurate in some respects than the map of a similar county made 
some years ago in about 15 man months of work by skilled surveyors 
using plane table methods. 
Transparent materials for map making in connection with aerial 
photos and in other stages of the process have also demonstrated 
their usefulness. 
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A certain amount of mutual education by various specialists 
involved is one of the main needs for a better general understanding 
of land classification in order that we all may better appreciate 
the different facets of the subject. I will hazard a guess that there 
is now a greater amount of economic literature available and suitable 
for reading by soils men than there is soils literature suitable to 
assist economists in becoming acquainted with soils. There may even 
be more soils men with a smattering of economics than there are 
economists with elementary knowledge of soil science as it has 
worked out in recent years. Soils men could help by preparing and 
distributing more material on soil characteristics, morphology, adapt-
ation, geography, etc. in interesting and understandable forms. Soil 
character, type distinctions, profile samples, photographs, etc. as well 
as maps and charts may be used for this purpose. 
A method of land study followed by the Indiana Soil Survey has 
included mapping of land use or cover on a separate sheet with little 
extra effort during the mapping of soil types, erosion, and slope. 
This material is tabulated to show the acreage of each type in the 
area and the percentage of each type which is used for each crop, etc. 
This detailed inventory shows both the variations in use and the 
average use of each kind of soil, which to some extent indicates the 
consensus of opinion as to the best use of the soils under local con-
ditions. The study is reported in a Master's thesis by B. A. Krantz 
entitled, "Land Use Adaptation as Indicated by the Correlations of 
Present Land Uses with Indiana Soils". The thesis shows by figures 
and graphs, (1) the soil type-present land use correlations, (2) what 
is called the ''adaptability index" of different soils for different uses, 
as well as (3) the relation between productivity ratings of soils and 
the per cent of land in crops, The discussion covers the significance 
of some of the observed facts of land use although it is recognized 
that other factors affect the land use patterns. 
In recent years there has been increasing use of what might be 
called "single characteristic maps" which are in fact land classification 
maps of various kinds. In Soil Survey circles it is well known that 
a single, ordinary soil map characterizes land according to many 
different primary and secondary factors for those who are familiar 
with the types, but for other persons unacquainted with soils the 
basic map can be modified to bring out such points one at a time. 
The procedure is simply to sort all of the separations of the original 
map into appropriate grades according to some one selected charac-
teristic such as slope, acidity, etc. and show the location of each 
grade on the base maps by appropriate coloring or hachuring. This 
rating can also be done according to secondary or complex char-
acteristics, stich as :productivity ratings. If possible, it is well to show 
all the original boundaries and symbols on the base map as well as 
the simplified grotipings. Hachured maps are more readily repro-
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duced by zinc etching and can show different grades between grada-
tions more effectively. However, in Indiana Mr. A. P. Bell of the 
State Soil Survey (jointly employed by Land Use Planning and Soil 
Survey) is making colored maps to interpret economic information 
for the use of county land use planning committees. He successfully 
reproduces 300 copies of these colored single characteristic maps by 
the Ditto process. 
The single characteristic map scheme is effective with either 
general or detailed maps by the use of proper legends. National, 
state, regional, county association, county soil type maps, and even 
farm maps may be interpreted in this way. 
Productivity ratings exemplify an attempt to "boil down" for 
the use of non-soils people all the characteristics of soils into a 
simple scale of quality of soils for growing individual crops or for 
agricultural uses in general. These rating figures are deceptively 
simple in form, but may be more inconsistent in their significance 
than anyone is apt to suspect. A study of soil rating figures 
made independently for Ohio, Indiana, Illinois. Missouri, and 
Iowa as of 1936 showed considerable differences between state ratings 
of similar soils and some of the reasons for them. Although the 
general rules and objectives were about the same in all these states, 
the ratings actually involved differences in procedure, philosophy, 
and form. The application of the ratings to soil types was also com-
plicated by inconsistencies in soil classification. However, in spite 
of the observed imperfections it is still believed to be worthwhile 
to work with ratings which, through continued study, promise to 
become more consistent and reliable measures of soil quality. 
Land classification, as done by county land use planning com-
mittees, involves the theory that it is a democratic process and that 
the knowledge of farmers is a reliable yardstick to check other kinds 
of land information, or agricultural and social projects. 
It is a strain on credulity to imagine that farmer committees 
could independently and spontaneously obtain the degree of uni-
formity in classification terminology which appears on their maps. 
Obviously there is considerable prompting by the outside promoters 
of the project. On the other hand a degree of contradiction between 
the land classification maps of different groups of farmers indicates 
that they either do not understand the classification or else they are 
not sure where the different classes of land occur. While farmers 
undoubtedly do have unsurpassed knowledge of their lands in certain 
respects which deserve utmost consideration, it does not help the 
situation any when they characterize as "dark. heavy clay" a district 
which really consists chiefly of light colored fine sandy loams and 
loams with some dark land but no heavy clay. This has been done. 
In such a case an accurate soil map flatly contradicts the land classi-
fication map and it becomes mutually embarassing to farmers and 
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soils men alike if they are compared. A word of "coaching" at the 
right time in the early stages of county land classification procedure 
oould help the farmers to a more consistent expression of their knowl-
edge and more accurate location of general land features as shown by 
soil maps. The farmers could use such soil facts and still formulate 
their own decisions in regard to present or potential uses of different 
kinds of land as they may choose to group them and the classification 
map could more rea,dily be harmonized when the finer details of soils 
and agronomic practice are considered in the advanced land use 
planning. 
While the sequence suggested above seems most logical, a dif-
ferent procedure is being tried out in one Indiana county. There the 
county land use planning committee prepared a classification map by 
county meetings and refined it by township meetings. The Soil 
Survey has prepared a reconnaissance soil map of the county which 
is somewhat more detailed than the land classification map although 
it is very far . from complete as a good modern physical inventory. 
Some soil studies have been made and samples taken from laboratory 
examination and the reconnaissance map is furnished to the county 
committee for immediate comparison with their land classification 
map. However, the Soil Survey will proceed at once to map the 
county in detail showing all the facts of the soil profiles together 
with their slope and eroded phases and their present uses. These 
facts represent the actual status quo which is either all right or 
imperfect from a land use standpoint and in any event it is the point 
from which any changes to improve land use planning must start. 
The relationships between the physical nature of the land and the 
present uses also would help determine in what directions any modi-
fications of land use (conceived to be desirable by the planning 
activity) should go and whether it is at all possible to carry them out. 
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DISCUSSION 
HOWARD S. TYLER' 
This paper is divided into three parts. The first is a brief sum-
mary of the paper which has been presented; the second includes 
comments about some of the materials and techniques which are 
mentioned; and the third is comprised of a more nearly complete 
discussion of the Cornell method of economic land classification 
than has been presented by the authors. 
First, the summary. The authors have pointed out that there 
are probably as many aspects of land classification as there are 
interests in the land. Agreed. They go on to say that the land 
classification which they plan to discuss is a general classification-
that is. land classifica:tion as a general guide :to :the planning of land 
use. Four public or quasi-public agencies to which such a classi-
fication is useful are listed.· These -are: (1) the Farm Security Ad-
ministration, in its Rural Rehabilitation Program; (2) "the lending 
agencies who take the traditional banking point of view"; (3) the 
Soil Conservation Service; and (4) the Agricultural Conservation 
Program. Nothing is said about the usefulness of such a classification 
to private agencies. 
The land-classification efforts of the Agricultural Land Use 
Planning Program are mentioned. A partial review of the materials 
and techniques that are available to trained scientists who are work-
ing on the land-classification aspects of the program comprises the 
major part of the paper. 
The discussion is divided into two major parts: the physical 
classification of land :types and the economic classification of land 
areas. The former is treated in more detail than the latter. 
After accepting Kellogg and Ableiter's definition of a "natural 
land type" as "land having a peculiar combination of physical fea-
tures, principally climate, soil, relief and stoniness, which define its 
natural productivity for plants," with some reservations about the 
use of the word "natural." the authors proceed to list seven major 
items to consider in making a land-:type inven:tory. These are soil, 
topography, native vegetation, flood relationships, land condition, 
water resources, and climate. Full treatment of each of these items 
would not be necessary for every land-classification project. 
Several methods of evaluating land types according to their 
agronomic characteristics have been developed. The authors have 
listed and discussed six: (1) productivity ratings, (2) the land-use 
capability classification, (3) the Storie index, (4) the Mon.tana De-
'Assistant Professor of Agricultural Economics, New York State College ofc:Agri-
culture, Cornell University, Ithaca, New York. 
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partment of Agronomy and Soils classification, (5) the United States 
Geological Survey Great Plains land-type classification, and (6) the 
classification used by the Bureau of Reclamation of the Department 
of the Interior. 
Regarding classifications and evaluations of an agronomic nature, 
Messrs. Haggerty and Meyers have drawn the following conclusions: 
1. They should be absolute instead of relative, if they are to fit 
well the needs of land-use planning. 
2. They should consider changes in plant adaptation and growth 
that can be brought about by man's alterations of the physical char-
acter of the land. as well as "inherent or natural productivity." 
3. They should give greater emphasis in the future than in the 
past to soil depletion and the probability of floods as land-use limita-
tions. 
4. They need to be based on both inductive and deductive 
approaches. 
5. They should group land types into classes, not merely describe 
land types. 
The economic classification of land areas is more dynamic than 
is the physical classification of land types. The introduction of 
economic considerations which are decidedly subject to change brings 
this about. A farmer's use of land will depend on costs of produc-
tion relative to prospective returns and the comparative level of 
returns for the region, and on restrictions imposed upon him by 
society. Occasionally, social considerations may outweigh individual 
interests in the determination of the use of land. 
According to the authors, the materials and techniques for an 
economic classification of land involve both deductive and inductive 
approaches. Budgeting is an example of the deductive approach 
which is most widely used in unsettled or newly settled areas where 
the inductive approach is not well adapted. The inductive process 
involves an appraisal of the relative success or failure of various 
methods of using the land. For this, farm-survey records are 
desirable. They need to be interpreted with discrimination and they 
are costly to collect. Primarily for the latter reason, shortcut methods 
that use measures which indicate present and past returns from 
farming have been developed. Four of these are discussed by the 
authors. The first is the method of property classification which has 
been widely used at Cornell. This method will be discussed in 
greater detail later in this paper. The second includes measures of 
economic distress such as relief grants and loans, mortgages fore-
closures, tax delinquency, and the extent of idle land or farm aban-
donment. In this connection, Wautenpaugh's "distress" index is ex-
plained. A study of land values is mentioned as a third method that 
involves measures that indicate returns from farming. The limita-
tions of the use of assessments for tax purposes and appraisals for 
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credit purposes are discussed. Finally, the data that have been col-
lected in the offices of the Agricultural Adjustment Administration 
are mentioned as an excellent source of information on present 
and recent land use. Commonly these measures that indicate returns 
from farming are used in combination. 
Regarding the economic aspects of land classification, the authors 
conclude that: (1) conservation practices that can realistically be 
recognized in land classification can go only to the point of what 
the farmer will accept or the public is willing to pay him to accept; 
(2) in making recommendations about public services, the land 
classifier must be guided by established laws and practices if he is 
to get results; (3) some measures need to be obtained of the types, 
amounts. and costs of public services required in connecticw~ ·.vith 
various patterns of land use; and (4) it is desirable to group areas 
that are similar in respect to the types of adjustment required. 
The authors conclude with a very brief discussion of the limita-
tions and applications of general land classification. The experi-
mental nature of much of the current work, the practical limitations 
of putting into effect immediately some of the adjustments that a 
general classification might indicate as desirable, and the great need 
for land classification as a guide toward the achievement of long-
time objectives are the principal concluding thoughts. 
Following this brief and incomplete review, let us turn our 
attention to some of the characteristics of a few of the materials 
and techniques that have been described. The use of productivity 
ratings and crop-productivity indexes is mentioned as one method 
of evaluating the agronomic significance of land types. If these 
indexes are to be the most valuable, they should be based to a 
greater extent in the future than in the past on actual yields as de-
termined by careful research over a period of years. It is recognized 
that the collection of such data is complicated by the fact that on a 
large proportion of fields more than one soil type occurs. Perhaps 
the answer is to use indexes for soil-type associations rather than 
for single soil types. It appears, also, that in areas where the use 
of soil amendments is common, it would be difficult to get accurate 
information on yields obtained without amendments. 
The land-use-capability classification appears to be primarily an 
"erosion susceptibility" classification. Whereas the conventional soil 
survey places emphasis on the characteristics of the soil profile, the 
land-use-capability classification places emphasis on the measures 
necessary to protect the land from erosion. In using the maps that 
are based on this classification, it is important always to keep in 
mind that the economic feasibility of carrying out the measures 
necessary to keep the soil in place has not entered into the classifica-
tion. There are areas that have been practically abandoned for farm-
ing where a considerable portion of the land could be worked with 
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no more than simple erosion-control practices. These areas were 
abandoned because they did not provide an income large enough to 
support a standard of living · as high as the farmers who cultivated 
them demanded. 
In using the "Storie" index, it would appear necessary to bear 
in mind the following thoughts: 
1. The index was developed for use in California under Cali-
fornia conditions. To use it elsewhere might not be feasible. 
2. It is assumed that a definite rating can be given to the various 
factors that enter into the index. Since the third factor that is used 
in calculating the index includes a variety of modifying conditions, 
it would seem difficult to assign the proper rating to it. 
3. Because the index is calculated by a multiplication process, 
a low value assigned to any one of the factors will cause the index 
to be low. In other words. each of the factors has been assumed 
to be a limiting factor. 
For an economic classification of land areas, it is important to 
use basic information that will make possible a reasonably accurate 
classification. Except in very recently settled or in unsettled areas, 
the experiences of farmers probably best indicate the uses to which 
the land is adapted. Although past experience does not indicate in-
fallibly what is the best course for the future, it is probably a better 
guide than the best forecasts of agricultural economists. At least, 
the forecasts of agricultural economists are more likely to prove 
correct if they are based on a careful study of past experience. The 
land classifier should, of course. use the results of any demonstrated 
economic trends in conjunction with indicators of the experiences 
of land users. 
The question naturally arises as to what measure or measures 
to use in judging what farmers' experiences have been in different 
land areas. The value of survey records has been pointed out. Be-
cause of the high cost of obtaining them, it is unlikely that large 
numbers will be used for land-classification purposes. Also, unless 
they are taken in the same area for more than one year, a distorted 
picture may be presented. 
Of the various "short-cut" methods that have been developed, 
the property-classification procedure is one of the more important. 
This method involves a classification of all the rural properties in 
the area being studied. The amount and condition of all the visible 
farm capital (not just the buildings) and the apparent amount of 
business being done are considered. At Cornell University, the prop-
erty-classification is used in conjunction with other indicators of the 
intensity of use to which the land is adapted. For practically all of 
the county studies, detailed maps of present land use and detailed 
soils maps also are used. Farm survey records sometimes are ob- · 
tained. 
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Data on assessments for tax purposes commonly are studied but 
are not used as a basis for the classification. The same applies to 
information on school costs, fire insurance losses, mortgage fore-
closures, and tax delinquencies. 
Messrs. Haggerty and Meyers have pointed out that they were 
discussing materials and techniques that would apply to a general 
classification of land. I assume that the land-classification work under 
the Agricultural Land Use Planning Program would conform to their 
idea of a general classification. If the requirements of a general sys-
tem of land classification are that it have wide geographical applica-
tion and meet adequately the needs of a large number of people, 
then it would appear that a system of classification which was based 
on the intensity of use to which the land was adapted would be even 
more general than the Agricultural Land Use Planning Program 
classification. 
In discussing the requirements of a useful method of land 
classification for nation-wide application, Lewis' has stated that 
"A land class map should distinguish agricultural areas on the basis 
of the intensity of use to which they are adapted." He amplifies this 
statement as follows: · 
"Such a map will exhibit the relative opportunity for farmers 
to earn incomes and accumulate capital in the different parts of a 
county. The answer to the question of desirable in.tensity provides a 
guide for the investment of funds by all agencies who must receive 
their reimbursement by sharing the income of farmers. These agen-
cies include all those which lend money to farmers and also those 
which invest money in rural electrification and other facilities for 
which farmers are expected to pay. Studies have shown that within 
a county land varies in its capacity to benefit from and pay for such 
public services as roads and schools directly as it varies in the 
intensity of use to which it is adapted. 
· "The concept of intensity is broad, and covers the inputs that 
are made by all those who contribute to the total production from 
the land. The total capacity of the land to produce, measured in 
dollars. sets the limit to the total possible intensity which will be 
reimbursed. Some classes of land are being used with an inte;nsity 
which is too great to be reimbursed by that grade of land, and 
agriculture is being maintained on the basis of public and private 
contributions from outside. In other areas in the same counties, 
however, the productivity is great enough to justify a further in-
crease in the intensity of use, such as might be brought about by 
building additional roads, furnishing better credit facilities, or by 
other means. 
'Unpublished material used in a course in Land Economics at Cornell University, 
1939. 
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"When land is classified on the basis of the intensity of use to 
which it is adapted, the classification will show the relative oppor-
tunity of farmers to earn incomes and accumulate capital in different 
areas. This is the most important basic relationship to which an 
economic land class map, if it is to be of any value, must conform." 
Any classification which is useful as a guide for the investment 
of funds by all agencies who must receive their reimbursement by 
sharing the income of farmers certainly must have very wide appli-
cation. 
A classification on the basis of the intensity of use to which the 
land is adapted is not intended to point out that this field may be 
clean cultivated, while that one should be in permanent meadow or 
pasture; or that this land is well adapted to cabbage, while that is 
not adapted to cabbage but will produce potatoes; or that this rota-
tion is more desirable than some other for a particular area. An 
economic classification based on intensity is much broader. It is 
designed to indicate how large expenditures of labor and resources 
per unit of area are likely to be satisfactorily reimbursed on different 
grades of land. Classifications designed to indicate specific uses of 
land may well fit within the framework of an economic classification based on desirable intensity of use. 
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LAND CLASSIFICATION FOR RURAL ZONING 
GEORGE S. WEHRWEIN' 
"Zoning is the regulation by districts under the police power 
of the height, bulk, and use of buildings, the use of land, and the 
density of population," is the accepted and oft quoted definition of 
zoning.' It is with the second of these three types of regulation, 
namely the use of land, that land classification is primarily related 
but it may also enter into the other two-the "height, bulk and use 
of buildings" and the density of population. It is interesting to note 
that courts at first accepted without much question the constitution-
ality of height and area regulations but only gradually pronounced 
land use regulations lawful, provided they were reasonable.' 
This is not the place to give much historical background of the 
advance of the use of zoning from cities and 'incorporated places to 
suburban and finally to rural zoning, nor to trace in detail the gradual 
liberalization of the attitude of the courts toward the regulation, 
restriction and control of land uses. However, as the courts became 
more liberal. more and different types of districts and land classes 
were made possible, so a few background facts will be helpful. 
Since zoning is a form of the police power there must be a sub-
stantial relationship of the regulations of land use to health, morals, 
safety, comfort, convenience and the general welfare of the com-
munity.' All of these terms are flexible and courts have been broad 
or narrow in interpreting the application. For instance, the exclusion 
of business from a residential district is now one of the accepted 
forms of zoning regulation and distinct residential and commercial 
districts and, therefore, equivalent classes of land, were thereby 
established. However, the courts at first questioned whether a store 
in a residential area was a menace to health, morals, or safety. How-
ever, congestion, traffic, fire hazard, litter, dust and flies were con-
sidered sufficient reasons for upholding the legality of the exclu-
sion of stores from residential areas. The same transition in the 
attitude of the courts can be found in regard to the exclusion of 
hospitals and other humanitarian institutions from residential dis-
tricts. In fact, in some cases the power to exclude undesirable uses 
has become so well established that residential cities and villages 
"dump" all unwelcome uses on their neighbors or the open country. 
This simplifies the problem of districting and classifying the land 
within the city or village, but creates problems in the rural-urban 
fringe. 
1frofessor of Agricultural Economics, College of Agriculture, University of Wis-
consin, Madison, Wisconsin. 
'Edward M. Bassett, Zoning, Russell Sage Foundation, N. Y. (1936), p. 45. 
'Ibid., p. 47. 
'Ibid., p. 54. 
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Rural Zoning and the "Fringes" 
Zoning outside of incorporated areas is of most significance on 
the "fringes" or the no-man's-land that lies between two well defined 
land uses. One of these is the rural-urban fringe, the territory 
between well established urban uses and farming. County zoning 
started in this area, and it is in these spheres that it can be truly 
directive. Here county planning can provide for future residential, 
commercial, and industrial areas and by means of zoning ordinances 
insist that land be used in accordance with the plan. Almost identical 
conditions obtain on the other fringes-the farm-forest and farm-
grazing area. Both call for planning, classifying the land, basing 
zoning districts on such findings and by zoning ordinances direct 
the use of the land in harmony with public welfare. 
Zoning and Land Classification 
Land classification and zoning are both based upon the prin-
ciple that land is so diversified in its characteristics and uses that 
distinct classes and districts can be observed and established . and 
yet in spite of the diversity, substantial areas have enough char-
acteristics in common to be able to distinguish recognizable, homo-
geneous classes or districts. In zoning these districts must be of 
sufficient area so that regulations will not apply to a single farm 
or lot. The assumption of reasonableness is based on the supposition 
that all the land within a given district has similar attributes so that 
it can be treated equally under the law. 
Classification for zoning is id~ntical with the fourth type of 
land classification as stated in the monograph of the National Re- · 
sources Planning Board's Report on Land Classification, namely, 
"Land Classification in Terms of Recommended Use." However, it 
is more than that. Zoning is not carried out for its own sake but to 
accomplish certain objectives, to carry out a certain policy or poli-
cies. Once these objectives are clearly defined the second step is the 
gathering of data deeined necessary to meet these purposes. The 
objectives to be accomplished will also determine the nature of the 
classification and the number of classes to be established.6 If the zon-
ing of a certain county calls for only two districts, a "forestry" and 
an "unrestricted" district. only two classes of land need to be made. 
If detailed data on inherent characteristics, on the present use of the 
~and, and on .its use capabilities are available they will be useful 
'William F. Musbach, "Land Classification for Land Use Planning in the Great 
Lakes Cut-Over Region as Illustrated by Forest County, Wisconsin." U. S. 
Department of Agriculture, Bureau of Agricultural Economics, Land Eco-
nomics Report, No. 1 (1937), pp. 1-3. 
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in determining the two districts mentioned above. If they are not 
available no great harm may result because only a relatively few 
simple facts may be ·all that is necessary to set up the districts to 
accomplish the objectives of a given program. 
Dis:tric:ts of :the Rural-Urban Fringe 
Zoning districts as established by urban zoning and as projected 
into the rural areas are not single use districts. The usual method 
is to consider "A residential" areas the highest class and set up a 
district to include the present first class residential area and, on the 
fringe, the potential or future area of this type. The ordinances ex-
clude the less desirable forms of residences (such as multi-family 
dwellings) and all forms of business and industries. The residential 
area second in rank permits all the uses permitted in the A district 
plus a certain number of additional residential uses. This method 
of permitting the "higher uses" and gradually adding new uses goes 
down the entire list so that in the "lowest" use all the previous 
uses, plus heavy industry, are allowed. Unfortunately for the rural 
areas they are usually designated as the "unrestricted district" in 
which all land uses are permitted and into which the city may 
"dump" those industries and land uses which it excludes from its 
own territory or which may even be excluded from the border areas 
by suburban zoning. 
Rural areas need to defend themselves against such encroach-
ments but cannot do it successfully as 19ng as zoning districts are 
based upon a hierarchy of "higher" an4 "'lower" land uses. This is 
recognized by Mr. Philip Cornick who believes that a lesson can be 
learned from the forest-farm fringe zoning where it is not "higher" 
or "lower" . land uses that have to be classified and districted but 
"incompatible" land uses. There is reason to believe that subdivisions 
and residences on small lots may be incompatible with farming or 
in estate sections. Certainly some of the industrial and commercial 
uses now found in the open country are out of harmony with agricul-
ture and the rural landscape. There is a certain poetic justice in the 
Jefferson, Wisconsin, county ordinance which regulates business uses 
to the extent of excluding junk yards in the agricultural district 
and "dumps" them into cities and villages! 1 The Door County ordi-
nance sets up business districts in the rural areas and frees the 
remainder of the region from business and commercial uses. 
'See L. Deming Tilton, "The Districting Plan of Orange County, California," 
Journal ~f Land and Public Ut.ility Economics. Nov. 1936; J. M. Albers, "New 
Uses for County Zoning, The Jefferson, Wisconsin, Ordinance," Ibid .• Nov. 
1938; Philip H. Cornick, Premature Subdivision and its Consequences. Insti-
tute of Public Administration, Columbia University, 1938, pp. 324-25, and 
Chapters 7-9. 
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Riparian Districts 
Land bordering on lakes and streams has, by the virtue of its 
riparian nature, peculiar attributes. It has qualities which make it 
important for industry, for wharves and shipping, fishing, high class 
residential areas or recreation, depending upon its location. This is 
recognized in rural zoning by the creation of recreational districts, 
which by ordinance may exclude agriculture, control the size of the 
lot, limit the height of structures, exclude multi~family dwellings, or 
provide a set-back line for the buildings. The recreational districts 
adopted in ten northern Wisconsin cut-over counties have rather 
primitive zoning restrictions compared to the five districts proposed 
for Door County. These range from high class exclusive residential 
areas to commercial fishing districts. "Riparianism" is the dominant 
physical characteristic in classifying the land for these purposes. 
Riparian land is also involved in flood plain zoning. Instead of 
letting people build houses in the path of chronic floods and expect 
the government to protect them by expensive public works or rescue 
them when the river overflows, .steps are now being taken to zone 
the river areas so as to regulate the construction of buildings, and 
to restrict the use of land. A start has been made in Jefferson, 
Wisconsin, where "no building shall hereafter be erected or struc-
turally altered adjacent to any lake or stream unless it be so situated 
that the basement floor shall be above the high water mark." With 
this simple objective as the basis of zoning, classification would in-
volve merely the determination of the high water mark.' 
Zoning the Highway Margins 
Rural zoning will increasingly be concerned with the land uses 
adjacent to highways. As soon as a highway is improved "traffic 
attracted" industries and business spring up to take advantage of the 
fl.ow of vehicles. At each business place cars enter and leave the 
road and mix slow with fast moving traffic. More than half of the 
automobile accidents are claimed to be due to "marginal" and "inter-
stream" friction. Unless set-back lines provide for parking space on 
private land there is a tendency for parking to take place within 
the right-of-way. Billboards and advertising on buildings add to the 
traffic hazards or . disfigure the rural landscape. In short, a new 
class of land has appeared, a zone linear in structure, similar to the 
8This type of zoning is authorized by the provisions in the Wisconsin enabling 
act. The county board of any county may by ordinance . .. regulate, restrict, 
and determine the areas along natural water courses, channels, streams, and 
creeks in which trades and industries, and the location of buildings for speci-
fied uses may be prohibited." See J. M. Albers, op. cit.; Gilbert White, "State 
Regulation of Flood Plain Use,'' Journal of Land and Public Utility Economics, 
August 1940. 
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riparian land along streams, which calls for control over land uses 
on the highway margins. Set-back lines, zoning and easements are 
being used to accomplish these objectives and classification is con-
cerned with determining the area to be restricted to promote safety 
and prevent the disfigurement of the landscape.' 
Zoning on the Farm-Forest: Fringe 
However, the best known type of rural zoning is that which 
originated in the forest-farm fringe of the cut-over regions. The 
objective of this form of zoning was to prevent the high costs for 
schools, roads and other public services by prohibiting settlement in 
certain designated areas. This is still the primary consideration as 
revealed by a current study of northern Wisconsin county land 
programs and policies. Agriculture was prohibited because, except 
in rare cases, the farm and home are one. The prohibition of resi-
dence was stated in terms of a prohibited land use which has led to 
a number of administrative difficulties which cannot be elaborated 
here but which have been overcome by the Minnesota enabling act 
and ordinances by prohibiting residence per se.10 
The purpose of the zoning ordinances in both states is to guide 
the future distribution of population, and when coupled with re-
settlement, to redistribute present population. Zoning with this ob-
jective calls for only two land classes-an area closed to settlement, 
either permanently or temporarily, and a district open to settlement. 
It is conceivable that classification and districting cl:mld be carried 
out in a county with uniform, good soil, every acre suitable for agri-
culture. The districts could be called simply "restricted" and "un-
restricted" instead of using names that imply land uses such as 
"forestry" and "agricultural." An ordinance for Koochiching County, 
Minnesota, in fact, uses the terms "restricted," "unrestricted" and 
"limited."11 
The regulation of the distribution and density of population is 
an old concept in zoning. Zoning aimed at preventing the overcrowd-
ing of land has had the sanction of the courts for many years because 
of the direct relation between high density of population and fire 
risks, health, safety and congestion." It is reasonable to believe that 
the opposite condition of too sparse population is also inimical to 
'Hugh R. Pomeroy, "Roadside Control in California through County Zoning," 
Roadside Bulletin, June 1937. 
"Wm. F. Musbach and M. C. Williams. "Rural Zoning in Minnesota," Journal of 
Land and Public Utility Economics, February 1940. 
11Wm. F. Musbach and M. C. Williams, op. cit., pp. 107-108. 
"'Bassett, op. cit .. p. 86-87. 
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health, danger from forest fires, and the private and public costs of 
isolation." 
In retrospect one can visualize the function of zoning as a direc-
tional measure in the county with uniformly good soil about as 
follows : The restriction upon settlement would naturally be a 
temporary one. As the original settled area filled up and the demand 
for more farm land increased boundaries of the restricted area could 
be changed to permit new settlers only along established highways, 
near existing schools and community centers. In this way agricul-
tural communities would be kept compact, the cost of public services 
reduced to a minimum, and conceivably kept within the power of 
the tax base to support. Instead of a ragged fringe of isolated settlers, 
roads straggling into the wilderness, two well defined districts, each 
devoted to sharply defined land uses would have represented the 
land use pattern. Used in this way zoning is dynamic in its operation 
instead of negative and non-retroactive as it is sometimes pictured." 
There is still opportunity to use zoning in this manner, especially 
in the rural-urban fringe where it can be used to control and guide 
the trend of the residential, commercial and industrial outflow from 
the built-up areas into the fringe. 
However, if the county does not consist of uniformly good land 
and has submarginal areas the problem of using zoning as a directive 
force becomes more complicated. Those in charge of zoning would 
certainly want to use their authority to see that settlers will be 
placed upon the land suitable for agriculture and kept from the 
submarginal land. In fact, it has been said of rural zoning that it 
not merely warns people against buying submarginal land; it actually 
makes it illegal to sell and use it. At this point, however, classifica-
tion on the basis of land qualities becomes necessary, yet only two 
classes need be set uµ-land considered suitable for agriculture and 
the land submarginal for farming. 
Zoning and classification for zoning, however, did not start under 
such ideal conditions. Settlers had gone into the submarginal areas 
and created the costs of isolation. Farms had been abandoned dur-
ing the post-war depression only to be reinhabited by "city refugees" 
after 1929-30. Settlers, isolated, on relief or otherwise, were there 
and could not be ignored and some of them were mere "settlers" and 
not farmers. Millions of acres, neither forest nor farm were awaiting 
utilization but had been denied their proper utilization by the land 
policies of the boom period. This land especially became tax de-
linquent and reverted to pub.lie ownership. With local governmental 
10George S . Wehrwein and J. A. Baker, "The Cost of Isolated Settlement in 
Northern Wisconsin," Rural Sociology, Sept. 1937, and John E. Mason, "Private 
and Public Costs of Isolated Settlement in the Cut-Over Area of Minnesota," 
Ibid. June 1940. 
1'Virgil Hurlburt, "Rural Zoning for Missouri,'' Journal of Land and Public U±ili±y 
Economics, May 1940, pp. 154-155. 
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costs remaining the same or even rising while the tax base was 
slipping away the first objective of the land use program, as it de-
veloped in the cut-over region, was to prevent any increases in pub-
lic costs through uneconomic isolated settlement. 
Tax delinquency was considered the common denominator of the 
infirmities of the physio-economic environment consisting of the 
quality of the land, distance from markets, ownership, the demand 
for land for alternative uses and in some cases the taxation policies 
of local governments. Therefore the "tax delinquency map" and a 
map showing existing farms became the basic data upon which the 
two zoning districts of Wisconsin were based-the "forestry district" 
restricting agriculture and year-long residence and the "unrestricted 
district" in which no limitations on settlement or land use were 
placed. Sometimes soil maps, or land cover maps, maps showing 
roads, school districts or recreational lands were used but the "farms 
map" and the "tax delinquency" maps were considered basic. It 
should be said at once that in other states where delinquency is 
handled in other ways, a map showing the areas in various stages of 
delinquency may be less useful or even misleading. Recreational dis-
tricts are simply areas identical with forest districts except that year-
long residence is permitted, but agriculture is again excluded. 
The boundaries between the forest and the unrestricted districts 
· naturally had to fall in or near settled areas. If too much settled 
territory is placed in the restricted zone the number of non-con-
forming users is unduly increased. This fact had to be taken into 
consideration in zoning and in some cases changes were made by 
amendments so as to exclude such areas from the restricted districts. 
Even though the first consideration was the saving of public 
expenditures the control of land use was always in the picture. The 
sparsely settled areas were on the whole the submarginal areas, but 
small islands of physically good soil not large enough to support a 
community were included in the forest districts as unsuited for future 
settlement. In other cases the local people deliberately zoned out 
tracts of poor land because they said they did not want to see another 
crop of settlers starve. Even the Minnesota ordinance which does 
not mention land uses will nevertheless practically exclude agri-
culture because in the Lake States in most cases the operator has to 
live on the land he farms. It is possible, of course, for a settler in 
the North to grow grain or potatoes in a restricted district and live 
in the unrestricted area, even at some distance from his land. This 
is the striking difference between the agriculture on the farm-forest 
fringe and on the farm grazing fringe. Since so much farming is 
being done by suit-case farmers in the West, ordinances prohibiting 
residence would accomplish nothing. Here the restrictions have to 
be stated in terms of land use. and classification must be made in 
terms of grazing vs. arable land or in combinations of the two uses. 
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Land use cannot be ignored for still another reason. If the agri-
cultural use is prohibited, directly or indirectly, an alternative and 
socially more desirable use is assumed for the restricted area. In 
the cut-over region this alternative use is forestry and recreation. 
However. to merely classify and zone an area as forest land will 
not make trees grow. Supplementary programs are necessary-fire 
control1 forest crop laws to stimulate private forestry, or public 
acquisition and public forest administration. But then the new dom-
inant use tends to make other uses incompatible. Scattered farms in 
a forest area are not only expensive publicly and privately but inter-
fere with forest management, a double reason for the exchange of 
land and a resettlement program. Likewise forestry may be incom-
patible with recreation if "forestry" should mean wholesale cutting 
of trees and it is even conceivable that forestry and recreation under 
certain conditions might properly be excluded from an "agricultural 
district." As already noted, business and commercial establishments 
have been excluded from all three districts by som~ of the counties 
of Wisconsin and California. 
Some fear has been expressed that the restricted districts have 
invaded the territory of these counties so far as to stop all future 
agricultural development. However, of the 151/2 million acres in the 
northern Wisconsin zoned counties only 4,800,000 acres are in the 
restricted districts or 31 %. Almost 11 million acres are in the un-
restricted districts and of these 11 million acres roughly 5,885,000 
acres are in farms, leaving about 4,800,000 open to future settlement."' 
In fact a reclassification of the land in Forest County indicates that 
a considerable area should be added to the restricted districts." This 
would undoubtedly be the case in practically all the other counties. 
Zoning must be dynamic and changes in the boundaries of dis-
tricts and in land use regulations should be made from time to 
time. New districts should be created as conditions change. Changes 
in the boundaries of districts have already been made and are being 
made in northern Wisconsin. 
As an example of h:i.nd classification which constitutes the basis 
for amending a zoning ordinance (or the enacting of a new ordinance 
for that matter) the study by the Bureau of Agricultural Economics 
in Forest County, Wisconsin, can serve admirably,11 The objective 
was to promote a program of zoning, resettlement and rehabilitation. 
The county wa~ divjded into three major classes. At the one extreme 
was Class No. 1. the non-problem agricultural area consisting of the 
1~Job,ru1on. Henderson ap.d Marshall, A Land Us• P:r:og?azn fol' Forest County, 
Wiscon1Jin, V. S, Dep11.rtment of .Agriculture Technical Bulletin No. 687 (H!;l9), p . 61, . 
'"Ibid.. pp. 6()-71. 
11Johnson. Henders;on and Marshall, A :La1:1.d Use J?rQgre.m for Forest County, Wisconsin, op. cit. 
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good farm land and most of it now so used. At the other extreme 
is Class No. 3, the area of poor land with very sparse settlement and 
excessive costs for public services. In all zoning work these two 
broad classes have· always been recognized; they offer no particular 
difficulty in classification. Soils specialists, foresters, economists and 
local citizens generally recognized these classes and agreed on the 
public policies which should be pursued in regard to them. Only 
general reconnaissance surveys, the tax delinquency map and the 
map showing the location of farms were necessary to classify the 
land. However. detailed studies are valuable on the border area 
lying between the two districts. 
In the Forest County study the second class of land called "prob-
lem agricultural areas" deals with the "borderline cases." Here the 
criteria used in the classification were of special significance, namely, 
"agricultural productivity under present forms of utilization" and 
"the density and extent of settlement." Class 2 occupies about one-
fifth of the area of the county and is divided into two sub-classes; 
A includes the more densely settled areas for which there is a 
possibility to raise the status of the area to "Class 1 land" through 
rehabilitation, changes in farm practices, increasing the area of crop 
acres or providing for supplementary income. Sub-class A should 
not be placed in the restricted zone nor is settler relocation to be 
recommended except in limited cases. Sub-class B has relatively 
sparse settlement, inadequate farm incomes with little or no chance 
for "rehabilitation in place." This sub-class is recommended for in-
clusion in the restricted area, with resettlement of the non-conform-
ing users and the land devoted to forests or recreation." 
Land use programs are evolutionary and classification develops 
along with the changing and evolving programs. As soon as the com-
munity is ready for an intensive development of forestry and recrea· 
tion in Class III. a classification of the land in that area is in order, 
to separate forest from recreational land, for instance, or to deter~ 
mine the sections to be devoted to intensive or extensive forest man-
agement or combinations with game management. Class I land can 
likewise be reclassified for further land use planning. The similarity 
of this procedure to the county land use planning technique is readily 
apparent. In conclusion. it should be emphasized that the method 
of classification, the number of districts and sub-districts. was kept 
in line with the objectives to be accomplished and that the objectives 
determined the classification. 
"Ibid.. p. 50-61. 
144 MISSOURI AGRICULTURAL ExPERIMENT STATION 
DISCUSSION 
0. B. JESNESS1 
The paper under discussion concentrates much of its attention 
on rural zoning as such rather than on land classification for use in 
zoning. This observation is not made as a criticism. We welcome a 
clear cut discussion of rural zoning problems coming from the state 
of Wisconsin which occupies so commanding a position of leadership 
in this activity and from a man who has taken a prominent part in 
the zoning program in that state. ·· 
Rural zoning is so strongly associated with the idea of directed 
land use in certain problem areas that its wider application to rural 
circumstances tends to be over looked. While time did not permit 
extended discussion by Dr. Wehrwein of the latter aspect of rural 
zoning, his comments relating to zoning in the "rural-urban fringe," 
in riparian districts and for highway margins are suggestive of the 
broader aspects of rural zoning which concern developed areas even 
more than cutover or grazing regions. Everyone has observed the 
trend underway in urban centers for population to spread into 
suburban areas. Not all of the problems growing out of this shift can 
be reached by zoning but more consideration should be given to its 
application to such situations. 
Dr. Wehrwein visualizes the possibility that "classifications and 
districting could be carried out in a county with uniform, good soil, 
every acre suitable for agriculture," for the purpose of restricting 
settlement thru the agency of zoning. I have no quarrel with this 
but merely want to suggest that we keep in mind that quality of the 
soil is only one of a number of considerations ~ It is doubtful if any 
county in an agricultural region stands ready to restrict agricultural 
settlement on readily accessible land with good soil, if it is ready 
for the plow without clearing, stoning, drainage or other develop-
ment. 
Another statement made by Dr. Wehrwein which may be open 
to an interpretation which I am certain he did not intend is embodied 
in the suggestion that rural zoning "not merely warns people against 
buying submarginal land; it actually makes it illegal to sell and use 
it." Attention is called to this merely because it is a point on which 
there is apparent widespread misunderstanding. Zoning restrictions 
may limit opportunities for sale to the extent they limit the uses to 
which the land may be put. That is quite. different from prohibiting 
sale for any purpose or its use for every purpose. 
One point made by Dr. Wehrwein with which I am not sure that 
'Professor of Agricultural Economics, College of Agriculture, University of Min-
nesota, University Farm, St. Paul, Minnesota. 
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I am in accord is that because of possibilities of operation by so-
called suit-case farmers in the West "ordinances prohibiting residence 
would accomplish nothing" in such areas. Does not that depend upon 
the objective? If the purpose is to restrict settlement in order to 
effect economies in such services as schools, it is residence rather 
than agricultural use at which the. ordinance is aimed. However, 
zoning does not fit farm-grazing fringes in the same way it applies 
to farm-forest fringes. In the latter, the aim is to keep new settle-
ment out and the hope is that existing settlers may be relocated (except in cases where some settlement may be required for forest 
work). In the case of grazing areas which are retreating from crop 
agriculture, the need may be for only partial relocation in order to 
provide economic units for those remaining. The settlers remaining 
will continue to need schools and other public services. The com-
ment also might be added that rural zoning is n6t so promising in 
areas not well adapted for agriculture but which nevertheless are 
well settled. Some of these situations exist in the southern high-
lands. Wholesale settler relocation is quite different from that of 
aiding the isolated settler to move to a more favorable location. 
Zoning in such cases becomes too much of a case of locking the barn 
after the horse has disappeared. 
Dr. Wehrwein points out that in drawing lines separating re-
stricted and unrestricted zones, if too much territory already settled 
is included in restricted areas the number of nonconforming users 
will be unduly large. It is doubtful whether this is the major in-
fluence in deciding upon where the lines are to be located. Local 
people shrink from restricting areas with any considerable settle-
ment. Limiting further settlement in such areas is too suggestive 
of condemnation of existing development. Zoning to succeed must 
have local support. If practiced so rigidly that many nonconforming 
users result, objections from persons thus affected are likely to be 
strong. 
Classification of land and rural zoning go hand in hand. It is 
impossible to conceive of effective zoning without some form of 
classification as its guide. Zoning is a method of giving legal effect 
to classification. There apparently are still some who believe that 
land classification should be done for its own sake and that there 
is a form of land classification which will serve any and all purposes. 
When one speaks of classification, he needs to indicate the objectives in. view. Soil surveys represent classification by soil types. Types-
of-farming regions represent classification of areas in acco;rdance 
with the kind of agricultural use which predominates. In short, there 
may be a whole host of classifications depending upon the . purposes 
to be served. Classification is not an end in itself. It supplies a tool 
for use in the attainment of certain ends. · 
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. To say that there are a host of land classifications does not mean 
that they are mutually exclusive. They overlap but the particular 
factors considered and the weights assigned to them depend upon the 
ends sought. · 
In classifying lands as a basis for a rural zoning program in cut-
over or similar areas, primary consideration is given to existing uses 
and to the suitability of land for different uses under conditions 
prevailing in the particular area to which the work applies. 
It is natural that in classification for zoning much consideration 
is given to existing settlement on the land in view of the fact that 
this is one of the things which rural zoning aims to direct. Classifica-
tion for zoning purposes of this kind is not likely to yield much in 
the way of results in areas which are well settled even tho the land 
may not be adapted to successful agriculture. Such areas are not 
likely to be zoned against use requiring settlement. Zoning classifica-
tion, at least in the initial stages, is likely to include in a restricted 
zone only unsettled or sparsely settled areas. 
It is mainly in the classification of such areas that the question 
of the suitability of land for agriculture is considered. How re-
stricted the concept of agricultural land becomes depends upon the 
state of mind of the local people. If they believe that agricultural 
development is destined to take place in their community they will 
be loathe to include anything but the land least adapted to agriculture 
within restricted zones. If they are more impressed with the disad-
vantages arising from scattered settlement, more land will go under 
restriction. It does not appear feasible to attempt any very close 
standardization of classification under these circumstances altho it 
is worthwhile to encourage adjacent jurisdictions to compare notes 
so that the practice from county to county may not show too wide 
divergence. 
Questions have been raised at times as to the possibility of 
making any adequate land classification until the information pro-
vided by detailed soil surveys is available. Some have the impression 
also that no classification is worthy of the name unless it is based 
on careful examination of the land, forty by forty. Classifications 
for some purposes are likely to be inadequate without such refine-
ment. However, in problem areas where it is a matter of avoiding 
further undesirable and costly scattering of settlement, the job can 
be done thru more extensive operations. This comment is in accord 
with Dr. Wehrwein's observation that "only a relatively few simple 
facts may be all that is necessary to set up the districts to accomplish 
the objectives of a given program." It is not that too much informa-
tion ever is obtained. It is rather that classification for rural zoning 
of this type cannot afford to wait for extreme refinement. More-
over, the question arises as to how far it is good economy to expend 
large amounts in making detailed surveys of land which at the best 
has only nominal value. 
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For purposes of rural zoning, the needed classification to start the program can be based largely on the knowledge which local people have about the land and its use. Placing reliance upon local leadership is highly desirable in this case for another reason, namely 
that rural zoning is essentially a local activity. Success is not likely 
to be attained unless local people understand and want the program. Enforcement would be well nigh impossible without popular support locally. 
As Professor Wehrwein has pointed out, "zoning must be dynamic 
and changes in the boundaries of districts and in land use regulations 
should be made from time to time." While the job of classification for zoning should be done as well as possible, it should never be 
viewed as having attained all-time perfection. Conditions affecting land use change. The knowledge about the land is constantly being 
added to. The attitudes of people change. Rural zoning and classifica-
tion for it must keep abreast of such change. Localities which go into zoning programs tend to be more conservative than many 
technical workers would be in setting up restrictions against agri-
cultural use or settlement. This is to be expected. Zoning repre-
sents a reversal in the thinking of many. Not all are ready to 
accept the evidence of limitations applying to their own lands or 
communities. It takes time for people to assimilate the principles in-
volved. All of this has to be recognized in classification for zoning 
and technical workers must adapt themselves to it. The program 
must grow and develop naturally. Artificial forcing will weaken long-run progress. 
LAND CLASSIFICATION ALONG THE RURAL-URBAN FRINGE 
LEONARD A. SALTER. JR.1 
The topic of the present discussion allows a good deal of room for interpretation and definition. As yet there is certainly no widely-
accepted, precise concept of the rural-urban fringe. and undoubtedly in the course of this conference a variety of land classification defini-
tions will make their appearance. 
The phrase, "rural-urban fringe," implies an area in which there is a mixture of land uses that are related to farming and to urban interests, yet the ·concept can be used to embrace a very restricted 
territory or an almost unlimited one. As a general rule. different 
1Associate Professor of Agricultural Economics, College of Agriculture, University 
of Wisconsin, Madison, Wisconsin. 
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investigators have concentrated on that segment of the rural-urban 
fringe that provided the best laboratory for the particular problems 
in which they were interested. In a broad way, however, the fringe 
can be thought of as comprising a series of belts of territory surround-
ing an urban center. 
Closest to the city is what may be called the subdivision belt. This 
zone starts at the outer limits of fully developed city streets, which 
may be well within the legal city limits or even beyond the limits of 
a satellite or suburban city. In this belt most of the land is platted 
for future development as urban residence. Actual residential con-
struction is scattered, but where it occurs, it is on urban or suburban-
sized building lots. Also in this kind of area may be some small 
acreages used for intensive cultivation or part-time farming and some 
miscellaneous uses, especially those for highway commerce. 
Adjacent to the subdivision belt, which may be rather narrow, 
is what might be called the rural residence belt. Here, part-time 
farms and rural residences on small acreages predominate. There is 
much less land platting and proportionately more cultivation. This 
zone will likely be wider than the previous one. 
While the subdivision and rural residence belts are twilight 
zones, they are fairly definite. Further into the city's hinterland 
beyond the rural residence zone lie the tapering threads of the city's 
outer fringe. For a considerable distance into what may appear to 
be completely rural territory will be found numerous although prob-
ably scattered uses of land for other than commercial agriculture 
or forestry purposes. Many of these uses will stem directly from 
the urban center. Along the main arteries, traffic-attracted commer-
cial uses may be strung for miles. Interspersed with these uses, or just off the highways, will be found many part-time farms, rural 
residences, and retirement homes. Public recreational areas in the 
form of golf courses and parks, and such private recreational uses 
as summer homes and week-end cabins are very likely to be present. 
Commercial farming may predominate in these areas, but the nature 
of some of it may be immediately affected by its location with respect 
to the city. 
In many regions of the country, the last threads of a city's fringe 
will extend so far as to overlap those of some other city or cities, 
and in terms of uses such as state and national parks, the extension 
of the fringe threads might be said to be practically without limit. 
With this rough sketch of the urban fringe, let us turn to the 
question of land classification. Thus far, fortunately, there has been 
but little activity in land classification as such in recognized rural-
urban fringe areas. For:tuna:tely because the attack on the central 
problems of these zones will require a more thorough approach than 
that used in most so-called land classification studies. I refer to 
recognized rural-urban fringe areas because where some such areas 
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have been "classified," there appears to have been some blindness to 
the urban influences that are operating in the territory. Further 
elaboration of these points will be a major point of this paper. 
Basically, what is done under the name of land classification can 
be resolved into three main types of effort: (1) classification of 
primary land facts; (2) classification of composite land facts; (3) classi-
fication of recommended uses. Most of the work that has been done 
is of the first two types. 
While magic may have been introduced into some so-called land 
classification work, I can see no peculiar powers that can be expected 
of it. If it is to be regarded as in-place mapping of direct and primary 
land facts or as the cartographic presentation of some composite of 
these facts, then land classification is hardly a self-sufficient endeavor. 
The mapping of primary land facts such as slope, elevation, soil char-
acteristics, land cover, or improvements is simply an inventory 
process. The presentation in map form of a composite of these or 
other simple land phenomena as in soil productivity, land type, land 
use, and what is inappropriately called use-capability classifications, 
is a matter of convenience. Either of these two .kinds of work should 
be undertaken to further an immediate administrative job or a 
fundamental research objective. Both the researcher and the em-
ployee of ·an administrative agency will need to assemble only those 
primary land facts that are pertinent to their interest. The in-
vestigator will construct such composite land facts, and in such a 
manner, that will advance his analysis; the action agency representa-
tive will have to portray his facts in whatever composite form is 
most convenient to his decision-making superiors. 
Were this the whole story of classification, it would indeed be a 
simple one. For the rural urban fringe we would merely conclude 
that each student or agency should do such classification as it needs 
to do to pursue its more basic aims. The difficulty arises from a 
common tendency to undertake so-called land classification of the 
primary and composite fact types as a general project in and of 
itself. The question then faced is how much of this work is to be 
encouraged by those interested in the problems of the rural-urban 
fringe. 
If you are willing to consider as land classification the mapping 
of primary land features, then this kind of classification may be 
carried on almost anywhere and it will still serve · many different 
people in a number of ways. It is not unduly time-consuming, it is 
instructional, it is not likely to be very misleading, and it will 
probably be used by research or action agency personnel-and if 
used for no other purpose, it will still help people to find their way 
about. 
The mapping of composite land facts is a different matter. It is 
expensive and time-consuming. It usually requires the elaborate 
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compilation of primary land facts, some of which might not be 
sought out for any other purpose. It requires the construction of an 
integration procedure which in turn usually includes a judgment-
making step. Because of its outward appearance of weighty expertise 
and the attention it therefore attracts, progress is even more slow 
and cautious. Land classification of this sort, therefore, needs to be 
subjected to appraisal as an activity in the rural-urban fringe at 
least, if not everywhere. 
In the term, classification of composite land facts, I would 
include soil productivity, land adaptability, economic land use, nat-
ural land type, and so-called use-capability, use-district, and use-
intensity classifications. Allowing for restricted projects in which 
methods and techniques are invented, it should be clear that when 
the procedures developed are systematically applied over a wide 
territory and as projects in themselves, they are likely to prove to 
be cumbersome and expensive endeavors, and what is more important, 
they probably will prove to be ill-adapted to important but specific 
research or administrative needs that arise. Particularly will this 
be true in the rural-urban fringe areas. Classifications of this type 
can seldom be justified as being of wide general utility. They should, 
therefore, be undertaken when tied to a precise and waiting objec-
tive. They should seldom be applied over a very wide region. And, 
we should expect the procedures to undergo almost continual revis-
ion. 
When one of these classification systems is worked out from a 
farming or forestry point of view and applied to territory in which 
urban influences are at work, it is probable, (1) that any implied 
"conclusions" even for the problems at which they are ostensibly 
directed may ·become erroneous, and (2) that the whole classification 
effort may be beside the point so far as an attack on the most im-
portant problems of the area is concerned. In short, rural-urban 
fringe conditions, even at the tapering edges, can serve as an acid 
test for a composite land classification system. 
It is, or by now should be, commonplace to remark that classi-
fications of composite ·physical land facts need the addition of eco-
nomic considerations before their implications are accepted. If 
the economic considerations involve urban influences of the type that 
have no cultivation-use aspects, the meaning of the classification may 
not only need adjustment, it may become almost irrelevant. And 
this possibility may also apply to those composite land fact classi-
cations which presumably include some economic land facts. 
· Numerous cases could be cited in which significant amounts of 
land in the "high" types of these classifications are actually used 
for suburban homes, rural residences, or recreation. Two examples 
will be indicative. In Monroe County, New York, from 30 to 40 
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per cent of the places in the areas designated as of the highest farm-
ing use intensity were rural residences. In Santa Cruz County, Cali-
fornia from 15 to 35 per cent of the land classed as of the better 
natural land type for farming was used for suburban residence or 
recreation. In situations like these, there is apparent need to em-
phasize the probability that the most important forces at work 
are not those considered in the classification systems, and that par-
ticular care needs to be exercised in drawing implications as to what 
wise land utilization may mean. 
Very often in composite physical land fact classifications even 
the existence of cities is not noted. In classifications which include 
some measure of economic considerations, the cities are noted as such. 
In a few instances, the actual existence of neighboring areas of dense 
rural residential development are noted, but this is just a further 
step in the common procedure of literally blacking-out the cities. 
While this procedure at least adds to the general information on 
the map, it is hardly sufficient if the handling of adjacent lands 
proceeds as though the urban factor had no further effect on the rural 
land facts or on the kind of rural problems that need to be spot-
lighted. 
All these complex systems of classifying composite land facts 
tend to become ends in themselves. Although they may be adapted to 
the needs of the areas in which they are first developed and pertinent 
to the purposes first sought, they tend to become standardized pro-
cedures for all kinds of areas and to be rationalized in terms of 
broader purposes than those for which they may have been originally 
devised. And when, in their extension, they are applied to urban 
territory, the misalignment of methods, objectives, and needs becomes 
particularly serious. 
In rural-urban zones, the interests and intentions of land pur-
chasers and land users, the scales of values, the processes of develop-
ment, and the needed directional programs are both qualitatively 
and quantitatively different from those in areas in which the use 
of the land for primary production is of sole or paramount importance. 
Criteria which may be used as a basis for determining the extension 
of public facilities, the assessment, appraisal or taxation of land, 
the application of conservation measures, or the desirability of farm-
ing, even in an apparently remote rural area, may become drastically 
and immediately outmoded as soon as there is an indication of a 
possible development of summer places, retirement homes, or part-
time farms. The maladjustment of criteria is, of course, greatly 
magnified when the work is done within the shadow of an urban 
center. . 
But few projects yet reported explicitly state that their purpose 
is to designate recommended uses. But it is common for land classi-
fication personnel to use as a precept of their faith the assignment 
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of land to its best use, and, as indicated above, numerous classifica-
tions imply the recommendation of uses and some do so fairly clearly. 
Recommended uses are usually arrived at by some not-too-clear 
manipulation of maps of primary and composite land facts. Some-
times the amalgamation process is simply explained as the applica-
tion of expert judgment or considered lay opinion. 
In the rural-urban fringe areas, the factors affecting land use 
are particularly complex, shifting, and powerful. A serious attempt to 
plan recommended uses of the land necessarily involves the analysis 
of competing and conflicting influences arising froni very diverse 
sources. The most significant motivations that may alter the land 
pattern may arise, not from within the locality affected, but from 
without it. Such forces are usually extremely powerful as compared 
with the normal influences operating on land uses in purely agri-
cultural communities. High and concentrated investments, large-
scale enterprises, and very large groups of people may be associated 
with a relatively small land area. Decisions may be made speedily 
and quietly, yet each decision can have tremendous local effects. 
Rural factories and mines may be but small areas of large corpora-
tions headquartered in distant cities. Relative land value differen-
tials based on agricultural productivity fade into insignificance before 
residential and recreational real estate prices. Nothing can stanct 
in the way of the needs of metropolitan populations for water supply 
even though they go hundreds of miles for it. Subdivision operators 
seek speedy turn-over of land titles, their stakes may be large, and 
their livelihood dependent upon it. The residents of a · rural town 
may be interested in soil conservation. but if the owners of apart-
ment houses in a city, though it be miles away, need dirt for lawns, 
loam will be taken out of that town by the truck-load. 
In brief. it may be said for rurban areas at least, that while 
some of the potentialities of land · use may be seen through a wind-
shield, the probabilities certainly cannot be. It would indeed require 
a broad-gauged study to determine specific recommended uses for 
any significant rurban area, and so far as we now know, even were 
it accomplished, a shift in a single element in the picture could easily 
nullify the whole work, unless the necessary social control measures 
were ready and waiting for the results. Meanwhile, workers in the 
rural-urban zones might better try to develop their understanding 
and systematize their knowledge respecting the physiology, so to 
speak, of urban influences on rural land utilization. In the progress 
of this work various classifications of primary and composite land 
facts will be needed; but our advance will be speedier and sounder 
if we drive to the heart of rurban problems, making and using such 
classifications as are necessary to the particular analysis, than if we 
first direct ourselves to the organization and standardization of 
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classification procedures and their application in the hope that later 
they may prove useful to rurban land economics students. 
With the growth · o~ interest in the rural-urban zone, some of 
the first land classification activity may be to designate the inner and 
outer boundaries of the urban, suburban, and rurban areas. Here 
again we need to suggest that the work should be sought after only 
as an integral step toward a more specific end. The extent of the 
fringe boundaries will vary tremendously depending upon the cri-
teria used, which is another way of saying upon the particular aspect 
of the total situation which is under analysis. Attempts to delimit 
the zones on a composite or average criteria basis may, like other 
composite land fact classifications, become too engrossing in them-
selves and may not, in the final analysis, have any particular service 
to perform. 
Some fairly advanced work on the problems of what we have 
here termed the subdivision belt has been done in New York and 
New Jersey and around Chicago and Detroit. These studies have 
concentrated on the problems of excessive and unsound real estate 
subdivision developments. In this type of work, land classification 
as it is generally known, has not played a very important role. The 
central facts are those relating to confusion of land titles, tax de-
linquency, local government indebtedness, and improper provision 
of public facilities. So far as land utilization per se is concerned, the 
main thesis is that surplus platted lands lie almost completely idle. 
Even in this respect, analysis and solution of the problem involves 
questions of clearance of titles, intentions of owners, residential de-
mands of the city's population and other similar factors which are 
not directly visible primary land facts . As a matter of fact, it might 
be said that the quality of the work thus far reported in subdivision 
zones is in· almost inverse proportion to its dependence on graphic 
presentation. For. after an,·· maps are practically limited to descrip-
tive and static features. They can tell us the where and how much. 
They are not so readily adapted to analytical and dynamic factors 
which tell us the how and the why. 
In those instances where investigational interest has centered 
on the problems of the rural residence belts and the outer rurban 
fringes, again land classification has not been a very important tool. 
Most of these studies have concerned part-time farming, in which 
some important advances have been made. The deficiencies in our 
knowledge of part-time farming are not of the type that will be 
remedied by land classification as we know it. It might also be 
noted that even the present existence of part-time farming, let alone 
the factors directing its development, is not an easily and directly 
observable primary land fact. 
It is only more recently that attention has begun to be directed 
towards the study of private recreational land uses. Progress in 
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the field is therefore not sufficiently advanced to predict the possible 
importance of land fact classification work. Studies which may have 
died prematurely are not likely to be publicized, of course. There 
are some indications however that those that were restricted to a 
land fact classification bogged down early and probably will not 
see the light of day. Speaking of recreational land uses as a part 
of the rural-urban fringe picture, I would like to make but one addi-
tional comment, although the subject of recreational problems is 
scheduled elsewhere on the program. It is this: classification study 
upon classification study has contained, usually as a residual land 
category, a class designated as "forestry or recreational use." A 
moment's reflection should bring to mind the fact that timber pro-
duction and public recreation uses are vastly different in terms 
of necessary ownership conditions and management conditions, and, 
more important, in terms of their effects on the local economy. Just 
as widely different also are the implications of a private recreational 
use and a public recreational use: the demands for services, the tax 
problem, the opportunities for local employment, and a host of other 
significant factors show little or no similarity for these two really 
different uses. 
A word of warning should be given against assuming that urban 
influences on rural land utilization are only important in certain 
regions. It often happens that we assume certain factors are peculiar 
to other areas than our own simply because we are not fully aware 
of things in our own locality. When the first studies in part-time 
farming were made in New England it was common to regard part-
time farming as a peculiar problem in that part of the country. 
Then it .became a Sl?ecial problem of the whole Northeast. Then it 
came to be expected of any area in which there were cities; and now 
we know that part-time farming is a fairly common phenomenon 
even in the least densely populated regions. The same process can 
be followed with respect to the awareness of heterogeneity of com-
mercial farm types, recreational land uses, and the influence of in-
dustrial sites on rural land use. In other words. as we come to 
understand our own localities better, we might see more, rather than 
fewer, similarities between them and other areas. It seems reason-
able to expect that in time we will recognize urban influences where 
we do not now believe them to exist. With diligent searching, one 
could probably show direct urban-rural land relationships almost 
everywhere, but of course there is no point in stretching the concept 
beyond significant meaning. All this leads me to a word in praise 
of land classification. 
I realize that thus far my paper tends to minimize the value of 
land classification work. Such an approach may need to be presented 
even though it is not a comfortable one before a group of classifica-
tion experts. However, persons interested in rural-urban relation-
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ships can contribute at least one bouquet to any tribute to land 
classification. Although it is true that most land classification sys-
tems have resulted in in~ppropriate handling of rurban areas, never-
the less the very interest in rurban problems was partly stimulated 
by land classification work. Before the development of interest in 
land classification, rural research methods were used that never re-
quired a look at a rural economy in its entirety. Particularly under 
the cost-route and selected sample survey methods, it was easy to 
conduct research year after year and continually to miss certain 
large elements in the rural picture. Such oversight was not possible 
when it became necessary to make for the rural area a land use map 
with no holes in it. This tribute is not in contradiction to the sug-
gestion that many classifications obscure rurban problems, for some 
of the earliest interest in such problems arose from failure to secure 
the application of standardized procedures to intensive rurban sec-
tions. 
The views set forth above do not deny the necessity of classify-
ing land facts along the rural-urban fringe. They do urge that such 
classifications be constructed when and as needed to assist in the 
analysis of rural-urban fringe problems. They suggest that for such 
analyses previously completed classifications represent merely the 
extension of standardized procedures their implications may be mis-
leading. It is further indicated that the actual determination of 
recommended land uses in a rurban section is an objective of such 
magnitude that no classification process, or series of classifications, 
can be expected to accomplish it. 
Lastly, it may be asked whether there is no function for land 
classification as such in these twilight zones. Of course there is 
and always should be a field of activity in which land classification 
techniques · and procedures are tested and corrected and sharpened 
in order to assist and speed on the students of rurban problems. But 
this field should also be a comparatively restricted one, for very 
often projects in the development of techniques outnumber those in 
which the techniques are presumed to be needed. Research in land 
classification techniques must really be aimed at testing the utility 
of classification procedures, changing the procedures, and under-
standing their limitations. It should not be directed at securing as 
large a coverage as possible with any one given procedure. In spite 
of all the land classification work that has been done there must 
yet be a fertile field in land classification technique research. A small 
vigorous group actually putting land classification systems to severe 
tests might help us to keep more orderly terminology, more logical 
systems of concepts, and might also serve to reduce the pressure 
for repeating standardized procedures over wide areas and over 
periods of time without modification. They would be able to offer 
welcome assistance to students of various specific problems for they 
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would be interested, not in promoting a given system, but in pointing 
out both the weaknesses and advantage of different procedures which 
might serve as tools for the researcher. I suggest the rural-urban 
fringe as a place for them to begin their work. 
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DISCUSSION 
W. E. KEEPPER1 
If I interpret Mr. Salter's paper correctly, it may be summarized 
as follows: 
The "rural-urban fringe" is defined as consisting of a series of 
belts surrounding an urban center. These are, progressing outward 
from the urban center, (a) the subdivision belt, (b) the rural residence 
belt, and (c) the "tapering threads of the city's outer fringe." This 
outer fringe may be practically without limit. This conception of 
the "rural-urban fringe" appears to be an extension of the Burgess 
zonal hypothesis as developed in the field of sociology. 
Mr. Salter then discusses "so-called land classification studies." 
He correctly insinuates that many studies done under the name of 
"land classification" are really land use planning studies. He con-
cludes that the mapping of composite land facts should be carefully 
appraised before applying the procedure to the rural-urban fringe. 
He objects to the use of land classification systems, which have 
been worked out from a farming or forestry point of view, On land 
in the rural-urban fringe. His objections are: (1) that erroneous 
"conclusions" may be drawn. and (2) . that the whole classification 
· effort may be beside the point as far as solving the most important 
problems of the area is concerned. He feels that "rural-urban fringe 
conditions can serve as an acid test for a composite land classifica-
tion system." · 
Two specific studies are cited by Mr. Salter where composite land 
fact classifications appear misleading. In both cases, the "high" 
classes of land are used to a considerable extent, for suburban homes, 
rural residences, or recreation. 
Mr. Salter criticizes land classification studies, based on com-
posite land facts. which go no further than to indicate the location 
of cities and dense rural residential development. He states that such 
classification should be preceded by studies of "the physiology of 
urban influence on rural land utilization." Through these studies of 
"rurban" problems will be discovered. Classification systems might 
then be developed to aid in the solution of these "rurban" problems. 
As a beginning-land-classification-activity in the rural-urban 
zone. Mr. Salter suggests the delineating of the urban, suburban and 
rural-urban fringe areas. Other problems which he suggests might 
be considered in developing systems of classification for the rural-
urban fringe are: (1) private recreational uses of land, and (2) public 
recreational uses of land. 
'Assistant Professor of Land Economics, Pennsylvania State College, State College, 
Pennsylvania. 
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He warns against assuming that "rurban" influences are im-
portant only in certain regions or limited localities. He suggests 
that previously completed classifications, and previously developed 
classification systems are not adapted to use in the "rural-urban 
fringe." Finally the point is brought out that determination of recom-
mended land uses for urban areas is practically impossible. 
Concerning land classification research in general this statement 
is made: "Research in land classification techniques must really be 
aimed at testing the utility of classification procedures, changing 
the procedures, and understanding their limitations. It should not 
be directed at securing as large a coverage as possible with any 
one given procedure." 
I am in agreement with the following points in Mr. Salter's 
paper: 
1. His description of the rural-urban fringe is commendable. 
2. His warning against using certain systems of land classifica-
tion to accomplish other than their original intended and stated pur-
pose of classifying agricultural, forest or other "open" land accord-
ing to its adaptability for those uses is well taken. 
I must confess that I would have preferred to have had this 
warnin,g more clearly presented in the paper. Occasionally, I had 
the feeling that the author was one who might criticize the corn 
binder because it did a poor job sowing oats. 
I have examined the stated objectives of twenty-five land classi- · 
fl.cation studies. In none of the objectives was there an indication 
written or implied that the research workers had intended that their 
conclusions be used in solving urban or semi-urban problems. It 
seems to me to be only fair to the research workers who have sin-
cerely attempted to make contributions in the field of land classifica-
tions that their conclusions not be misinterpreted. 
One of the two cases cited by Mr. Salter where significant 
amounts of the high classes of land are actually used for suburban 
homes, rural residences or recreation was that of Monroe County, 
New York. It is true. that from 30 to 40 per cent of the places in 
the areas of hi_ghest agricultural value were rural residences. For 
these same areas it is also true that 92 per cent of the area was open 
farm land, pasture land or woodland. I do not feel that the land 
classification study which set out to classify the land of Monroe 
County on an agricultural basis should be criticized because it stuck 
to its purpose. 
Whether most of us in the field of .land classification research 
like it or not. our activities are usually of necessity limited by the 
source of our funds to solving agricultural problems. A majority of 
the land classification studies completed to date have been financed 
by the various agricultural colleges. Occasionally, they are con~ 
ducted as cooperative projects with various divisions of the U. S. 
BULLETIN 421-LAND CLASSIFICATION 159 
D. A. I find that at Penn State. at least, it is decidedly a policy of 
the institution to spend their somewhat limited agricultural research 
funds to the solution of agricultural problems. 
I agree with Mr. Salter that there are many problems in "rurban" 
areas which cannot be solved by agricultural land classification sys-
tems developed for a specific, but different purpose. It would require 
a considerable stretch of the imagination to conceive of some of these 
important "rurban" problems as being agricultural. I do not agree 
with Mr. Salter that agricultural land classification techniques should 
not be used in classifying agriculturally the land in the rural-urban 
fringe. Such a stand it seems to me would be similar to a doctor 
refusing to treat a patient for his broken leg simply because he knew 
the patient eventually would die of diabetes. 
I believe that in dealing with rurban problems a more logical 
.approach would be to institute more research projects in cooperation 
with political science departments and other agencies primarily in-
terested in research in municipal, governmental, and sociological 
problems. These should not be called "land classification studies." 
One example of this type of research might be cited. When con-
ducting our land classification study of Blair County, Pennsylvania, 
we found numerous cases of what might be termed "rural-slums." 
Actually these were usually non-farm residences which during the 
· past ten years had come into existence because the occupants could 
not afford to pay city rents and other city expenses. They are a de-
cided problem as far as rural governmental units are concerned. As 
a result. two graduate students, one in political science and one in 
rural · sociology conducted a joint research project in these lower 
class rural residential areas. While the project as yet has not been 
too productive, the point is this: The agricultural land classification 
study centered interest on these "rural-urban fringe" problems and 
thereby was responsible for the attempt to solve some of them. 
Finally, I agree with a part of Mr. Salter's conclusion concerning 
land classification research in general. It is this part, ''Research in 
land classification techniques must really be aimed at testing the 
utility of classification procedures, changing the procedures, and 
understanding their limitations." A careful examination of land 
classification studies made in several of the northeastern states, using 
the basic technique developed by Dr. Lewis at Cornell, will show 
that in prac:tically every case variations. refinements, and addition$ 
have been made by :the research workers using it. I do not believe 
that this basic technique which has stood the test as well as it has in 
New York state, should be discarded merely because it has been de-
veloped. Rather in many cases it might well be used as a starting 
point for further adaptations in other states. Cooperation in the 
field of research is just as desirable as it is in many other fields, to 
avoid unnecessary duplication of effort. For all of us in land classi-
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:ficatio:n research to exert our efforts to developing entirely new 
techniques would, it seems to rne, be extremely undesirable. 
In conclusion I believe this story taken from Wolf's "Essentials 
of Scientific Method" expresses very well rny . attitude concerning 
Mr. Salter's paper. An old English lady went on a railway journey 
with a menagerie of pets. The railway porter told her what the fare 
would be for her dogs, but did not know the tariff for her other 
pets. so she sent him to the station-master to inquire. When he re-
tqrned the porter said: "Station~master says. mum, as cats is dogs, 
and rabbits is dogs. and so is parrots, but this 'here tortoise is 
a'hinsect, so there aint no charge for it." From the limited viewpoint 
of the railway company's schedule of fares, dogs and cats, and rabbits 
and parrots all belonged to the same class. A classification made for 
a special purpose can only be judged in :the ligh:t of its suitability 
for tha:t purpose. 
Mr. Salter is probably better qualified than most of us to make 
constructive criticisms concerning the classification of land in the 
rural-urban fringe. As I examined his paper I found myself re-
gretting that he had not given more space to making specific, con-
crete and usable suggestions for improving the techniques used in 
classifying land in the rural-urban fringe. 
BULLETIN 421-LAND CLASSIFICATION 161 
DISCUSSION 
JAMES H. MARSHALL1 
My comments on Mr. Salter's paper will be confined primarily 
to an attempt to supplement or give added emphasis to the views 
he already has expressed, since I find myself in substantial agree-
ment with his discussion. But before proceeding in his direction 
I should like to call attention to one point on which either I have 
misinterpreted his intent or I feel that he has been unduly critical 
of rural land classifiers to the exclusion of urban land classifiers. 
Perhaps this is intentional since there are few, if any, representatives 
of urban classification interests in attendance. 
Throughout his paper there seems to be an implication that rural 
land classifiers have tended to impose their classifications upon the 
rural-urban fringe without making the adjustments in procedure and 
analysis that must be made in going from rural to rural-urban fringe 
areas. To the extent that this has been done, criticism is in order; 
but I feel that there has been a much more conscious tendency on 
the part of urban classifiers to impose their efforts on the rural-
urban fringe without giving due attention to the rural influences 
operating there. It is not true that rural-type classifications have 
been made in rural-urban fringe areas usually only as incidental 
parts of a larger classification effort concerned primarily with rural 
problems and usually have little connection with any specific machin-
ery for attempting to solve the problems, whereas urban-type classi-
fications moved into rural-urban fringe territory have more often 
represented conscious attempts to give direction to fringe develop-
ment and have more often been allied with planning and adminis-
trative machinery for making .the classifications effective? If this is 
true, then their failure to develop classification techniques which 
give reasonable attention to both urban and rural influences in fringe 
areas is more serious than the "pastime" classifications of the rural 
classifiers in these areas. 
The problem here, I believe, is somewhat more serious than Mr. 
Salter indicates when he says "Thus far, fortunately, there has been 
but little activity in land classification as such in recognized rural-
urban fringe areas." Much that is elsewhere recognized as classifica-
tion has been done in rural-urban fringe areas under the name of 
metropolitan district planning. Relatively speaking, in terms of the 
total area of land involved, there has been little activity i~ land 
classification in rural-urban fringe areas; but in terms of relation to 
resultant action, classification in rural-urban areas has been relatively 
'Regional Research Representative, Division of Land Economics, Bureau of Agri-
cultural Economics, U. S. Department of Agriculture. 
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important. In one State with which I am most familiar-Tennessee-
classifications have been made in the rural-urban fringes around the 
four major cities as well as in several other counties where there 
are significant amounts of industrial development which give rise 
to rural-urban relationships. These classifications have been made 
for the purpose of. guiding future development in the fringe areas 
and at least some progress has been made toward encouraging de-
velopment to adhere to the classifications. To illustrate the type of 
conflict that frequently arises when both rural and urban interests 
are involved, the most common criticism that I have heard against 
these classifications is that they recommend reservation of too much 
good agricultural land-in areas where such land is scarce-for such 
uses as residence, parks, and airports in instances where poorer grades 
of land could be used for such purposes with practically equa+ 
effectiveness. 
I am thoroughly in agreement with Mr. Salter's insistence that 
land classification efforts can be most efficiently expended only when 
directed toward 'the provision of solutions to. specific problems or 
segments of problems. I can see little justification for over-all types 
of land classification or surveys-to-end-all-surveys. So-called expert 
land classifications may have limited value in providing guidance 
to administrators of various types of programs but such classifica-
tions are most helpful when made with the administrator's particular 
aims in view. But, as has been pointed out with reference to the 
rural-urban fringe-and the same characteristic applies with per-
haps a lesser dep:ree of intensity in more strictly rural areas-con-
ditions of land use and occupancy are subject to significant and im-
mediate change in response to a large number of dynamic forces. 
Because of this, any system of classification that aims to really con-
tribute toward giving direction to improvements in land use must 
be geared in with some type of dynamic machinery that is equipped 
to keep in step with such changing forces. Of what value is land 
classification, anyway, unless it is closely geared in with some such 
machinery for giving effect to its recommendations? 
Does large-scale land classification have any justification except 
as a beginning step in a comprehensive and continuous planning 
process? I am inclined to feel that the value, in terms of influencing 
action, of some of our so-called expert classifications have been 
negligible as compared with some of the unsophisticated classifica-
tions that have been made by community and county land-use plan-
ning committees as a part of the current land-use planning process 
being conducted throughout the country. Many of these farmer 
classifications might not stand up under the scrutiny of an expert 
classifier; although in most cases their resemblance to a product he 
might, with similar ends in view. eventually turn out would be 
strikingly close. Most of the people working with the land-use plan-
ning process. I believe. are not J?reatly concerned with the question 
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of whether the boundary of a given land-use area should be drawn 
along this section line or that; nor with the question of whether the 
names applied to each of the land-use areas explains to everyone's 
satisfaction the dominant characteristics of the area; nor even with 
the expert's question of whether the work being done by community 
and county committees can truly be called land classification. The 
point is, a process somewhat akin to what is in academic circles 
termed land classification has been found to be an extremely useful 
tool in assisting farmers, local action agency representatives, and 
others to gain a keener insight into their community and county 
problems and some of the relationships of their individual problems 
to these group problems. Detailed accuracy of mapping and classi-
fication are not of first importance. It is the process of inventory 
and analysis that the committees must go through that really counts 
in helping them to understand the nature of their land-use and re-
lated problems and to formulate plans for improvement. Much of 
this understanding on the part of the people who ultimately must 
be responsible for initiating a large part of any improvement pro-
gram may not be attained if classifications are provided by experts, 
and much of the improvement probably will not be forthcoming un-
less there is such understanding. This is not to imply, of course, that 
experts cannot be very helpful in working concurrently with such 
committees. 
Planners concerned with rural-urban fringe problems might find 
many helpful suggestions in this land-use planning process that has 
thus far been confined largely to strictly rural problems. The pat-
tern of development that grows out of this process may not be as 
orderly as the planning technician might outline on his map, but it 
is likely to be more orderly and in the long run more sensible than 
would be the case if an attempt were made to transform his plans 
directly into legislative enactments and into action without going 
through the process of thoroughly informing the public and obtain-
ing their assistance. 
In agreeing that there should continue to be a field of activity 
in which land classification techniques and procedures are tested and 
corrected and sharpened in order to assist and speed on the students 
of rural-urban problems. I should like to insist that a larger part 
of such research should be directed toward improving the types of 
procedure being used by community and county land-use planning 
committees. During the last year or two I have a feeling that a 
disproportionate amount of research or investigation in this field 
has been directed toward comparison of the classifications made by 
local committees with those made by experts to see how good a 
job the committees have done. This may be an important first step, 
but it is not likely to be nearly so productive in the long run as 
tests designed to discover the weak points in the committees' work 
and to exneriment with new nrocedures. 
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THE THEORY OF LAND CLASSIFICATION 
I. The Contributions of Soil Science and Agronomy to Rural Land 
Classificatio·n 
CHARLES E. KELLOGG1 
Land classification implies the development of a logical system 
for the arrangement of different kinds of land into defined categories, 
according to the characteristics of the land itself. These characteris-
tics may include those that are directly observable, as relief, or those 
that may be ascertained only by inference, as soil fertility; or cog-
nizance may be taken of those that are determined by a combina-
tion of direct observation and inference, as the soil profile. Every 
science must have some means of classification if the facts are to be 
remembered, if relationships are to be discovered, and if funda-
mental principles are to be developed. Although classification is a 
matter of logic rather than of science, it is, nevertheless, essential 
to the progress and application of science. and especially to the un-
derstanding of relationships between things and between sciences. 
Each science dealing with land has, therefore, some sort of land 
classification, or rather partial land classification. These systems are 
often designed to serve the restricted purposes of one science and 
may stress only certain attributes of land. If our knowledge of all 
sciences were complete, and properly integrated, it might be possible 
to develop one fundamental and comprehensive system that would 
serve all of them. Certainly this state of perfection has not been 
reached, and is not likely to be for some time. Some sciences have 
advanced their systems more than others, partly because the matter 
is of . more importance to some than to others; but the problems of 
relationships among the contributions of the several arbitrary dis-
ciplines is hardly more than recognized, let alone solved. Yet prob-
lems arise in all of the fields and between fields-problems that 
cannot await perfection in classification. Therefore several more or 
less strictly pragmatic or technical systems have been , developed, 
based, of course. on the more fundamental concepts and on the 
natural systems of classification. For example, soils may be classi-
fied in accordance with their lime requirement. their susceptibility 
to erosion, their adaptability to particular crops or rotations, and so 
on. Each of these may be developed separateiy, but are more often 
obtained by interpretation from the fundamental natural system, 
which is even more comprehensive than several of these simple ones 
together. Although the task may be difficult when the problems for 
1Principal Soil Scientist and Chief, Division of Soil Survey, Bureau of Plant 
Industry, U. S. Department of Agriculture. 
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which the technical classification is an immediate necessity lie largely 
within one recognized discipline, it is enormously more difficult when 
the problems require the application of knowledge lying, or thought 
to be lying, within two or more disciplines, such as soil science and 
economics, for example. 
Maps 
Land classification has another special source of difficulty. Al-
though mapping is not necessarily involved, and indeed many sys-
tems of classification dealing with land, or some component of land, 
have useful purposes not connected with maps, most systems of land 
classification imply that specific bodies of land in the different 
categories will be shown to scale on maps. Mapping is sometimes 
costly and time-consuming and frequently presents many engineer-
ing difficulties, especially if boundaries are drawn with reasonable 
accuracy in respect to local detail. This fact places limitations upon 
the kinds of classification that can be used. Ordinarily the taxonomic 
units in the classification are shown on maps, but frequently two or 
more kinds of land are intermingled in such fri.tricate and detailed 
patterns that they cannot be shown separately except at great cost 
and on such a large scale that the map becomes unwieldy for many 
uses. Thus for purposes of mapping, unlike bodies of land sometimes 
must be grouped into geographic associations or complexes, defined 
in terms of the taxomic units in the system of classification. The 
smaller the scale of the map, the greater the proportions of such 
associations among the cartographic units.' 
In the mapping procedure sufficient distinction has not always 
been made between those things that are directly and uniformly 
observable by most people and easily plotted by strictly engineering 
methods, such as houses, roads, and lakes, on the one hand, and 
things that are largely matters of interpretation by specialists on 
the other. Soil types, for example, are not easily standardized. Con-
cepts regarding their nature and significance depend upon the re-
sults of a whole body of research that has been going on for years, 
and is going on now at an increasing rate throughout the world.' 
These concepts change, and only well-informed students of soil 
science can be expected to recognize and define soil types and plot 
their boundaries accurately. Going even further perhaps, maps show-
ing bodies of land classified according to practices recommended for 
the maintenance of productivity or according to recommended size 
and type of o-perating units, for example, are developed by inter-
'Kellogg, Charles E. 1938. Recent trends in soil classification. Soil Sc. Soc. Pro-
ceedings 3: 253c259. 
'Kellogg, Charles E. 1939. Soil classification and cartography in relationship to 
other soil research. Soil Sc. Soc. Proceedings 4: 339-342. 
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pretation within a frame of reference that is dynamic in respect to 
economic and social conditions. as well as to technical agricultural 
practices. Although such maps may be plotted upon standardized 
base maps, the land maps themselves can scarcely be standardized. 
Their form and content depend upon the requirements of the prob-
lem, the kind of agricultural region within which they are made, 
and the knowledge available to the workers. 
The Problem Must Be Recognized 
The first requirement for the successful development and appli-
cation of any technical system of land classification is a clear under-
standing of the problems for which the classification is needed. 
Obvious as this principle seems, the failure to recognize it is re-
sponsible for many failures in land classification. Time and time 
again people devise a system of land classification, even make maps, 
and · afterward look for a way to use them. This is like making a piece 
of furniture without knowing its intended use-whether as a chair, 
a bureau. or a kitchen sink. Again a particular land classification 
job may be unjustly criticized because it fails to reach some objective 
not contemplated during its construction. Of course, all possible 
needs and uses cannot be foreseen, but something more definite than 
a hazy idea that land classification. in general, is a good thing is 
necessary for useful results. Frequently a "general" or "rapid" sur-
vey, employing a schematic system of classification, is made where 
more detail is required to reach the objective sought. Such surveys 
are likely to lead to some waste of energy and resources. For exam-
ple, surveys to serve as a guide to planning individual farms have 
been made with an allowable accuracy of nearly 100 acres in regions 
where the average size of farm is little more than 50 acres. Indeed 
such a map, if properly drawn according to a logical system of classi-
fication. may have use. but certainly not in individual farm planning. 
Unless the objective is clear there are very likely to be serious 
gaps or overlaps among the categories in the system of classification. 
Even the logical basis for the establishment of categories may not 
be consistent. The late Dr. Marbut had an excellent descriptive 
expression for these systems. He referred to them as "classifications 
of houses into red houses. brick houses, and small houses." 
On the other hand. more detail than is necessary is sometimes 
obtained with a consequent waste of funds. time, or both, and a sacri-
fice of clarity. If a logical system has been used it is a relatively 
simple matter (although sometimes a costly one) to make a general-
ized land classification and a generalized map from a detailed piece 
of work. In regard to this matter of generalization, perhaps it is 
unnecessary to point out the enormous difference between categorical 
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and cartographic generalization, although people 'sometimes confuse 
the two. Let us take as an example a detailed map of soil types on a 
large scale. If the classification is detailed, and each unit carefully 
restricted in definition, there may be as many as 150 mapping units. 
These units may be combined into higher categories in a great many 
ways for different purposes; but even though all 150 were placed. 
into as few as five J?;roups, the map likely could not be reduced in 
scale very much. if at all. To reduce the map in scale. the units 
must be grouped into geographic associations, an entirely different 
and usually much more difficult procedure. In many of these geo-
graphic associations, representatives of all five taxonomic groups may 
be included. but in different proportions. 
Synthesis Essential :to Classification 
It must be emphasized above all else that in land classification 
groups of characteristics are involved. Each kind of land is usually 
distinguished from other kinds of land by a . large number of char-
acteristics. Sometimes no one of these may be significant by itself 
but the whole group. taken together, are of significance. Even dif-
ferences in characteristics that appear from simple inspection to be 
rather obscure. may be actually of the greatest importance because 
of the inferences that may be drawn from them. The significance 
of any particular observable characteristic depends upon the others 
in the whole set. Thus whether a given difference in acidity, in slope, 
in depth of soil. in distance from markets, in rainfall. in elevation, 
in cover, or any other characteristic is significant. and should serve 
as a criterion for separating classes. cannot be answered without 
considering the relationship of this characteristic to the others. Some-
times it may, but again the same difference in another may not. In 
my judgment more errors have been made and are being made in 
land classification from a failure to recognize this principle than 
from any other single cause. 
In land classification the data must be synthesized into precisely 
defined classes. whether it is a basic natural classification, or a tech-
nical one designed for some specific purpose or purposes. Sometimes 
this difficult problem of synthesis can be avoided by making separate 
maps of selected characteristics, leaving the job of synthesis for a 
later time, or for the reader. This sort of thing may be very useful, 
may serve valuable purposes, but it isn't classification-rather it is 
a way of recording individual characteristics that postpones the prob-
lem of classification. Some observations made in the field are recorded 
more properly in the notebook than on the map. If the several maps 
are made on one piece of paper some confusion may be introduced, 
for instead of having three .to ten individual maps, say, with rea-
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sonably intelligible legends and explicit descriptions of the mapping 
units, what appears, at first glance, to be a single map is presented 
that may have thousands of different kinds of symbols, different 
kinds of areas. in which it is unconsciously assumed that each selected 
characteristic has exactly the same significance under all conditions. 
Land Classification Defined 
Land classifications are made at so many levels of completeness 
and from so many different points of view that an examination of 
any one of them promises to be a new experience. The word "land" itself is capable of many interpretations. Some restrict it to purely physical features and, in the classificatfon, deal with physical land 
types that are very close if not identical to soil types, soil phases, or 
soil associations. Others use the term in the sense of real estate, or 
even more broadly. and give weight to many other characteristics of 
a geographic, economic, or social nature. Then there are many grada-
tions between these two, but rarely are they defined. Recent experi-
ence seems to show that people generally are inclined to the broader definition, to something like, "the whole natural and cultural environ-
ment." For my own part, I favor this broader concept, and would 
exclude from land classification systems less comprehensive and call 
them classifications of soil, of farmsteads, of roads, of present land-
use, or whatever was appropriate. 
Thus general land classification might be defined as a classifica-
tion of specific, defined, recognizable bodies of land according to 
their significant physical and cultural characteristics. In this defini-
tion no precise restrictions are placed upon the classifications as 
to detail. but all characteristics of the physical and cultural environ-
ment are included in ac.cordance with their relative significance. A 
technical land classification could be defined as one in which the 
significant facts had been recorded· and synthesized with sufficient 
categorical detail to accomplish the special purpose or purposes that 
the classification is to serve; and if the classes are to be shown upon 
maps the cartographic expression must be sufficiently detailed for 
the maps to serve their intended use. 
Although the discussion may have seemed so far to deal with 
very general principles, and only with a few of these briefly, there 
appears to be no other way to make the assumptions used in this paper regarding the definition and the scope of land classification 
clear. Further, land classification cannot be regarded as. falling 
within the province of any recognized discipline-at least not land 
classification as just defined. There are, to be sure, systems of classi-
fication within the several disciplines, within geology, soil science, 
economics, botany, and the others, but these cannot be called land 
classifications without considerable qualification, no matter how ac-
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curate, how useful, and how necessary they may · be. A good classi-
fication of soils, for example, may be much more useful than a poor 
land classification. but it still remains a classification of soils. A 
proper land classification must be· developed through a synthesis of 
data from several disciplines. These must be gathered and inter-
preted by the proper specialists and finally synthesized through the 
cooperation of these specialists, having a common understanding of 
the problems for the solution of which the land classification is 
needed. 
The problems to be solved may require a very detailed land 
classification or one with broadly defined classes. Some have implied 
that these are concerned with different attributes of the land and 
fall in the provinces of different specialists. It has even been sug-
gested that land classifications designed to deal with problems of 
land management within farm boundaries are almost exclusively the 
province of the soil scientists and agronomists, while those dealing 
with problems of general planning outside of the farm boundaries 
are the particular concern of economists. Distinctions of this kind, 
based upon the professional training of the workers, are not only 
unsound on theoretical and technical grounds but are certain to lead 
to inadequate results. If soil characteristics are of significance to 
rural land-use at any level they certainly are at all levels. And the 
same is true of other characteristics. That is. is it logical to assume, 
for example, that economic considerations are of first importance in 
a schematic classification of land in distressed areas for general 
planning, but not of importance in the detailed classification of land 
in prosperous sections of the Corn Belt? Or is it logical to assume 
that soil characteristics are essential to land classification designed 
to serve as a basis for the recommendation of crop rotations and 
fertilizers and are not important to a land classification designed as 
a basis for the extension of agricultural credit? 
There is still too much attempt at land classification by so-called 
specialists of this or that-too many "specialty approaches.". Of 
course. the contribution of the several disciplines are individualistic. 
But I fail to see why a land classification developed under the leader-
ship of an economist, should be one bit different from that developed 
under the leadership of a soil scientist or of a geographer, if each 
correctly understood the problem and secured the essential coopera-
tion. I fail to see why one should approach the problem differently 
from another, except as he failed to understand the problem, or the 
logic of classification, or both. 
Soil Classification 
Soil scien.tists have been working on the development of a system 
of soil classification for somewhat over 40 years in the United States. 
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Of course. the research upon which it stands was begun many years 
before that. and much of the knowledge of soil science has been 
interpreted from the experience of farmers, going back many cen-
turies. Obviously a system of soil classification is essential to the 
organization of soil and crop research and especially for the applica-
tion of the results. In turn, the data developed through the many 
research activities are necessary for the system of classification. Thus 
soil classification is an essential part of soil and agronomic research 
and can only be developed in close harmony with it. Soil mapping 
could hardly be said to have an objective by itself. apart from the 
objective of applied soi1 science , as a whole. This objective can be 
stated briefly as follows: To determine the kind. yield, and quality of 
plants that can be produced under alternative, physically defined 
systems of management on the various types of s0il. and the influ-
ence of these systems upon the long-time productivity of the soil 
types. It is the problem in soil classification to develop suitable 
categories so that the facts about soils and their responses to man-
agement can be remembered, relationships discovered, and funda-
mental principles developed. From the expression of this classifica-
tion upon maps, the practical applications of the principles can be 
made in respect to particular tracts of land, fields and farms. 
The soil type is the simplest or fundamental taxonomic unit in 
soil classification. It is defined by a group of observable character-
istics the significance of each of which must be understood in rela-
tionship to the others. These characteristics include those exhibited 
by the thickness, color, structure, texture, consistence, and reaction 
of the horizons of the soil profile, the lithologic and physical nature 
of the parent material, and such external features as relief and stoni-
ness. Within any one soil type the characteristics are liable to vary 
somewhat, but within defined limits for the type. The restrictions 
extend not only to the internal characteristics of the soil profile 
but also to those external features that have significance to the de-
velopment and functioning of the soil. The allowable variation with-
in a soil type of any characteristic depends upon the other char-
acteristics with which it is associated. Thus, some soil types have 
almost no range in slope, whereas others may have considerable range 
in slope, provided that these differences are not strictly related to 
significant differences in the soil profile under natural conditions. 
Where allowable variations in some characteristic, such as stoni-
ness. depth of soil or erosion, slope, or susceptibility to overflow, have 
significance to the use of the soil for plants, or to its functioning 
when cultivated. phases are establ;<>hed as sub-classes within soil 
types. Each phase is defined in relationship to the soil type of which 
it is a subdivision. since the relative significance of a difference in 
one soil factor depends upon the other characteristics of the soil. 
For example. when devoted to ordinary cultivated crops some soils 
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may be subject to erosion if the slope is more than Ph per cent; for 
others. this critical figure may be much higher-UP. to 50 per cent 
in extreme cases. That is, the filtration of water into a soil and its 
erodibility under any particular management depends upon .a whole 
group of soil characteristics of which slope is only one. In addition 
to its relationship to erodibility, slope is important as a factor in-
fluencing the amount of water that enters the soil and drains from 
it, and as a factor determining the use of tillage implements and 
other machinery. Thus the particular degree of slope at which a 
relief phase of a soil type is recognized depends upon other char-
acteristics of the soil and can only qe stated precisely in per cent or 
degrees for each combination of ch~racteristics for each soil type. 
The same logic applies with the other characteristics-acidity, 
structure, depth of soil horizons and so on down a long list. In the 
development of the system of soil classification the most important 
and most difficult matter is this synthesis into defined classificational 
units of all the characteristics of the soil in their proper relationship 
to one another. This is done on the basis of what is known regarding 
the soil and the relative significance of individual characteristics to 
plant growth and management practices when associated with dif-
ferent sets of other characteristics. Soil and agronomic research is 
continually making available new data and new knowledge that 
leads to the gradual change and improvement of this system of 
classification. 
Productivity Ratings 
Having once accurately defined the classificational and mapping 
units, the available information regarding the relationships between 
the individual soil characteristics, and between the sum total of· char-
acteristics in a given soil type and the responsiveness of the soil to 
management, may be related to these units. This knowledge comes 
from all branches of soil science, and from agronomy, horticulture, 
and forestry. including the results of researches in the laboratory and 
on the experimental plots, as well as from the experience that farm-
ers have had using the soils. One cannot make a suitable map of soil 
or land on the basis of crop yields, present land-use, tax delinquencies, 
or similar criteria, but such data, when classified according to soil 
types, may be very suggestive of their responsiveness to manage-
ment. 
The productivity of a soil type (or phase) is the result of the 
combination of soil characteristics in relationship to the system of 
soil management. This productivity can be expressed in terms of 
yield and quality of crops under physically defined systems of man-
agement. Almost no soil is productive for crops without some kind 
of management. Although many soils need only to be plowed and 
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cultivated to produce good yields of crops, others respond but little 
to such simple practices, yet with more intensive practices, including 
such techniques as liming and fertilization, they may give excellent 
yields. Thus it may be said that a certain soil is naturally low in 
fertility but ·very responsive to management, and hence productive. 
It must be emphasized that to compare soil types as_ to productivity 
requires the careful definition of the management under which specific 
yields may be predicted. In cooperation with several of the State 
Agricultural Experiment Stations, the Soil Survey has made some 
progress during the past few years in developing productivity ratings 
for soil types and phases. These _ are expressed directly in terms of 
tons, bushels. or pounds, or more adequately, in percentages of fixed 
standards for each crop. Where the information is available several 
ratings may be given for one soil type under different systems of 
management. This ideal is not everywhere attainable yet, but fortu-
nately, the helpful cooperation of many soil scientists, agronomists, 
and economists has been extended to the workers engaged upon the 
development of these ratings, and further progress can be con-
fidently expected. Provided the soil types and phases are properly 
defined, the concept of the productivity rating makes available a 
means for synthesizing the great background of research work and 
experience in one figure of expected yield under a defined system 
of management. 
Knowing then the characteristics of the mapping units, and hav-
ing synthesized the available knowledge regarding their responsive-
ness to management. a whole series of simpler maps can be prepared 
from the master soil map, indicating any particular feature of the 
soils or any single interpretation such as, adaptability of the soils 
for alfalfa. apple trees, sugarcane, or other particular crops or rota-
tions of crops, erodibility, present erosion, natural acidity, relief, con-
tent of organic matter, and drainage requirements, by developing 
appropriate groupings of the individual units. 
Knowledge of Soil Responses a Part of Land Classification 
It would seem to me that herein lies the contribution of soil 
scientists and agronomists to the general problem of land classifica-
tion. These soil maps and interpretations are not complete, full-
fiedged land classifications and should not be so regarded. I wish to 
make this point with all the emphasis I can to soil scientists and 
agronomists, as well as to economists, geographers, and others. The 
job of the soil scientist and agronomist working together is to syn-
thesize their results in such a way as to make predictions as accurate-
ly as possible in terms of yield and quality and in terms of the effect 
upon future productivity that will follow from the use of particular 
practices. For some soil types there are few alternative practices 
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that can be recommended; f?r others there are a great many. In 
other · words, on the same soil type, there are many roads to ruin 
and many r.oads to success. What may be a desirable practice on one 
area of a soil type may be a ruinous practice on another area of the 
same soil type, even perhaps on an adjoining farm having a different 
proport.ion of soil types or a manager with different ability. The 
cost of a particular operation may be $5.00 an acre in one place, 
and perhaps $1,000 an acre on the same soil type in another place. 
To develop land classification all of these other considerations must 
be taken into account. Every time one says that a certain piece of 
land is productive, in reference to an ordinary operating farm or 
prospective farm at least. there is implied in that statement a pre-
diction of agricultural prices and of management costs just as much 
as if they had been stated in dollars and cents. Soil scientists are 
not equipped to make these predictions. They are equipped to make 
predictions about the influence of liming on the yield of alfalfa on 
a particular soil type. They can make predictions in regard to the 
effectiveness of a certain type of terrace on a definite soil type. With 
the help of horticulturalists, they can make predictions regarding the 
yield of apples to be expected from certain varieties on certain soil 
types under defined systems of management. Economists and 
geographers are not equipped to make .these kinds of predictions nor 
are they equipped to tell· soil scientists how to go about making them, 
any more than. the soil scientists are equipped to make price predic-
tions or explain how . they shall be made. 
Thus it seems to me that in.any groups of specialists have certain 
contrib"utions to make to a general system of land classification. They 
must be mindful of their limitations and of the contributions of tpe 
others. Each must so organize his data that they may be coordinated 
with the data of the others. To do this each must understand the 
general problem and the objective of the land classification clearly, 
which is the only basis for successful coordination. 
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2. The Contributions of Geography to Land Classification 
G. DONALD HUDSON' 
The first great flowering of land classification, as we think of the 
term today, occurred in the twelve years from 1867 to 1879.' The 
work took form in the four famous geographical and geological sur-
veys under Hayden, Wheeler, King, and Powell.' These were not, 
however, the beginnings of land classification in its broader sense. 
The ordinance of May 20, 1785, ordered the survey of lands ceded 
from the States to the United States government.' This ordinance 
stipulated that the land should be divided into 6-mile squares, called 
townships, and that the officer in charge should be called the 
"Geographer of the United States." Thomas Hutchins, Geographer-
General under General Greene, was aP,pointed to the office. Serving 
under him were several surveyors and these men carried out the 
subdivision of land preparatory to sale.' The rectangular system 
of land survey applied and developed by General Hutchins and his 
successors "represented an important step in the evolution of land 
classification and in the development of a land policy.'" The measure-
ment and subdivision of land areas was thus the first concern of 
geography in this country, official recognition being accorded to it 
through geography's command of the technique of measurement.' 
Additions to the territory of the United States which included 
and followed President Jefferson's purchase of Louisiana in 1803, 
ushered in a period of exploration. The task of reducing knowledge 
to map form during this period almost universally was considered 
a geographic function. Geographers thus helped to lay the founda-
tion for much of the work of the General Land Office and of the 
United States Geological Survey organized in 1879. Activities along 
other lines were encouraged by the work of the American Geographi-
cal Society founded in 1852. The report, "South Carolina: Her Natural 
1J?rofessor ot Geography, Northwestern University, Evanston, Illinois. 
'National }l.esources Planning Board, Rural Land Classification in the United 
States. Wa1>hington, now in process of publication. 
~Hayden. F. V., United States Geological and Geographical Survey of the Terri-
tories. Washington, 1867-1879: Wheeler, Capt. Geo. M., United States Geograph-
ieal Surveys West of the One Hundredth Meridian, 1869-1884, Engineer De-
pa:rtrnent. U, S. Arn;iy, Washington, 1869; King, Clarence, Geological Explora-
tion::; of Fortieth Parallel, Wa::il:J.ington, 1870-1880; Powell, Maj. J . w .. United 
St11tl'l11 G!!ograPhical and Geological Survey of the Rocky Mountain Region, 
Washington, 1874-1879. 
iDona!dson. Thomas. Tl:J.e Public Domain, H. R. Ex. Doc. 47, Part 4, 46th Congress, 
Srd, S!!ssion. Washington, 1884, pp. 196-202. 
•meell!r. Capt, Geo. M., op. cit. 
aNational Resowces Planning Board. op. cit. 
rcoll:>Y. Charle::; c.. "ChanJ(ing Currents of Geographic Thought," Annals, Assoc. 
Am. Geo,grs .. Vol. 26 (1936), pp. 2-S. 
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Resources and Agricultural Products," for example, contained col-
ored maps showing the area of South Carolina classified according 
to forest belts, principal mineral deposits, and leading agricultural 
products.' In 1875 the Society pressed the New York State Legisla-
ture for a good map of the state. A bill was passed and eight years 
of triangulation was done. Upon the basis of this preliminary work 
the United States Geological Survey later carried on the topographic 
mapping of the state. Of major significance in providing knowledge 
of new lands during the same period, were the joint surveys of the 
United States and Mexican boundaries in 1854-55 and the surveys of 
possible railroad routes to the Pacific in 1855-56.' 
The second phase of land classification work in this country in-
troduced by the Hayden, Wheeler, King, and Powell surveys brought 
the ,geographer forward more specifically in terms of land classifica-
tion than did the ear lier phase. He took the leading role in planning 
and directing . the expeditions and was again called upon for base 
maps. The breadth of survey work and its bearing on land classifica-
tion is illustrated by the letter of instructions given Wheeler by 
Brigadier-General A. A. Humphreys, Chief of Engineers, U. S. Army. 
He said in part: 
"The main object of this exploration will be to obtain correct topographical 
knowledge of the country traversed by your parties, and to prepare accurate maps 
of that section. In making this the main object, it is at the same time intended 
that you ascertain. as far as practicable. everything relating to the physical fea-
tures of the country, the numbers, habits, and disposition of the Indians who may 
live in this section. the selection of such sites as may be of use for future military 
operations or occupations, and the facilities offered for making rail or common 
roads, to meet the wants of those who at some future period may occu?Y or 
traverse this portion of our territory. 
"In ascertaining the physical features, your attention is particularly called 
to the mineral resources that may be discovered and, where indications would justify it. you should have minute and detailed examinations made of the locality 
and character of the deposits. 
"The influence of climate, the geological formations, character and kinds of 
vegetation, its probable value for agriculture and grazing purposes, relative pro-
portions of woodland, water. and other qualities which affect its value for the 
settler. should be carefully observed."10 
Students of land classification have gained much in their study 
of the texts, maps, and illustrative materials contained in the four 
famous geographical and geological surveys. The maps, drawings, 
panoramic sketches, engravings and photographs of these surveys 
'Journal of the American Geographical and Statistical Society, Vol. 1, Noll. l 
to 10, inclusive, monthly except for August and September, 1859. 
'Emory, Maj. William H., Report on the United States and Mexican Boundary Sur-
vey, Made under the Direction of the Secretary o:f the Interior. H. R. Ex. 
Doc. No. 135, 34th Congress, 1st Session, Washington, 1857; Reports of the 
Explorations and Surveys to Ascertain the Most Practical and Economical 
Route for a Railroad from the Mississippi River to the Pacific Ocean.' l!lG3· 
1855, S. Ex. Doc. No. 46, 35th Congress, 2nd Session, Washington, 181ill. 
10Wheeler, Capt. Geo. M., op. cit., Vol. 1, p, 81. 
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are remarkable for their artistic value as well as their scientific merit. 
The sketches and drawings of selected landscapes which characterize 
the work of this period not only show better technique than many 
of the block diagrams of later years, but being drawings of actual 
places rather than theoretical · diagrams, they have the geographic 
quality of representing actuality.11 
In the light of current discussions, a notable feature of these 
surveys is that four of the five types of land classification as defined 
by a forthcoming report of the National Resources Planning Board 
can be clearly distinguished in the texts and maps covering the work. 
Classifications of the land according to geological formations, surface 
configuration (by hachures, sketches, and contours), elevations (by 
contours) and drainage are presented in map form (land classifica-
tion in terms of inherent characteristics). Mining properties and 
districts, railroads. highways, towns, and the like are plotted (land 
classification in terms of present use). Other maps show land classi-
. fied as agricultural (with irrigation), grazing, timber, and arid and 
barren (land classification in terms of use capability). The texts 
present full and lucid discussions of other items in each of these 
three c'ategories. In keeping with the instructions laid down by Gen-
eral Humphreys, Wheeler, for example, brings out the relation of 
the growth of population to water supply, the percentage of arable 
land to the total surveyed, the position of agricultural land on valley 
floors and plains. the relation of irrigation to the chemical and 
mechanical quality of the water, the need of drainage in irrigated 
areas, and the importance of unity of ownership of land and water 
in irrigated communities. Conclusions carried the tone of land use 
recommendations (Type IV land classification). Powell's report, "The 
Land System Needed for the Arid Region.'"' brought out definite land 
use recommendations. The active part he played in framing legisla-
tion for the use of western lands carried him into program effectua-
tion (Type V land classification). 
Three decades from 1880 to 1910, constituting a third period in 
land classification, were characterized by the rapid settlement of 
arable lands and by an accompanying development of timber and 
mineral resources." It was a period of exploitation and the need for 
a systematic knowledge of resources was acute. A review of the 
period reveals the names of many men of science who rose to 
prominence in governmental and research circles as a result in 
part at least of their interest in serving that current need for knowl-
edge. Among these were Henry Gannett who was appointed Chief 
11C0Iby, Charles C., op. cit., p. 10. 
"Powell, Maj. J. W., Lands of the Arid Region of the United States, Washington, 
1879, p:p. 27 -45. 
18Smith, George OUs, and others, The Classification of the Public Lands, Bul. 
537, U. S. Geological Survey, Washington, 1913, p. 7. 
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Geographer of the United States Geological Survey in 1882. All 
of the topographic work of the Survey was placed under his super-
vision14 and most of the Survey's methods of map-making were 
developed under his direction during his fifteen years of service." 
To his other duties were added in 1897 the .exami.nation of forests 
and forest conditions in the reserves and other wooded regions of 
the country and the preparation of reports on them." As in topo-
graphy, so also in forestry, Gannett's work was largely of a pioneer 
character. His examination of the forest reserves led to the prepara-
tion of land classification sheets which showed forest, cutover, and 
burntover areas, and irrigable and pasture lands. His was the first 
attempt to examine and appraise the forests of the country." The 
statistics he gathered antedated the conservation movement by a 
decade and were found immediately available for the use of the 
Bureau of Forestry on its organization." 
In research circles during the 1880-1910 period such names as 
Davis at Harvard, Salisbury at Chicago, Russell at Michigan and 
Tarr at Cornell stand out particularly for their pioneer work in 
physical geography. These scientists and others like them have had 
a profound effect on land classification both by their own studies 
and by their influence on students destined to play important roles 
in the scientific work of later periods." · 
The present period of conservation and its associated phase of 
land classification overlapped the last few years of the period of 
exploitation. During this current period the interests of geographers 
in physical geography has continued. The roster of presidents of the 
Association of American Geographers starts with W. M. Davis, 1904, 
and ends with Carl 0. Sauer, 1Q40. Between them are such names 
as: Gilbert, Salisbury, Fenneman, Marbut, Johnson, Mathes, and 
Atwood. Fenneman, for example, developed a regional classification 
of landforms which "in soundness of concept and skill in applying 
criteria stands as a land mark in our (geographic) science."" Present 
"Powell, J . w .. Fourth Annual Report, United States Geological Survey , 1882-83, 
Washington, 1884. 
"Darton, N. H .. "Memoirs of Henry Gannett," Annals, Assoc. Am. Georgrs., Vol. 
7 (1917), P. 69. 
"The United States Geological Survey, Bul. 227, Washington, 1904, p. 71. 
17Nat. Geogr, Mag., Vol. XI, 1900, pp. 369-372. 
1'Darton. N. H .. op. cit .. P. 69. 
1•rn 1891-92, for example, the student group working with Shaler 'and Davis at 
Harvard included A. P. Brigham, R. S. Tarr, L. G. Westgate, A. H. Brooks, 
C. F. Marbut. R. De C. Ward, and R. E. Dodge. (Dodge, R. E .. "Albert Perry 
Brigham," Annals Assoc. Am. Geogrs., Vol. 20 (1930), p. 56) 
20Colby, Charles c .. op. cit .. P. 19. 
Fenneman, Nevin M .. "Physiographic Divisions of the United States," Annals, 
Assoc. Am. Geogrs .. Vol. 6 (1916), Pl?· 19-98. 
----------•Physiography of Western United States, McGraw-
Fiill Book Co., New York, 1931. 
----------• Physiography of Eastern United States, McGraw-
3:ill Book Co., New York'. 1931. 
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day work in land classification owes much to the work of these 
men and others not so closely identified with the geographic point 
of view. 
A second review of the roster of presidents of· the Association 
reveals two trends in American geography that are of major sig-
nificance in the present discussion. One is the development of 
anthropo-geography and the other economic geography. Identified 
with the first are such names among Association presidents as Brig-
ham, Jefferson, Semple and Barrows. These workers, as expressed 
by Barrows. viewed the geographic problem from the standpoint of 
man's adjustment to environment, rather than from that of environ-
mental influence." 
Early interest of American geographers in economic geography 
is revealed among the publications of the Journal of the American 
Geographical and Statistical Society for 1859. This interest has per-
sisted. Smith's book. Industrial and Commercial Geography," first 
published in 1911. is still a land mark in that field. Among Associa-
tion presidents frequently identified with economic geography are 
Whitbeck, Baker, Colby and Finch. Pioneer writings of these men 
include Whitbeck's "A Geographic Study of Nova Scotia," published 
in 1914;" Geography of the World's Agriculture, by Finch and Baker, 
published in 1917;" and Colby's Source Book for ihe Economic Ge· 
ography of N orih America, published in 1922.'0 
Other names among Association presidents should be included 
because they indicate significant contributions germain to the topic 
here discussed. These are Adams and Cowles for their work in 
ecology; Jefferson for his work in population distribution; and Ward 
and Hobbs for their studies in meteorology and climatology. 
One is tempted at this juncture to turn to the studies of these 
and other geographers to ascertain in detail the fund of data they 
brought to the field of land classification and the devices they devel-
oped and employed in gathering those data. This is not the time 
to either list data or describe devices. They are a matter of record. 
Besides, neither data nor devices will themselves reveal the unique 
contributions of geography because geography, like other sciences, 
owes its individuality not to the data it treats or the devices it uses, 
but to the point of view employed in the treatment of materials. 
"Barrows, H. H., "Geography as Human Ecology,'' Annals, Assoc. Am. Geogrs., 
Vol. 13 11923), pp, 1-14. 
""Smith, J. Russell. Industrial and Commercial Geography, Henry Holt and Co., 
New York, 1911. 
"Whitbeck, R. H., "A Geographic Study of Nova Scotia,". Bull. Am. Geogr. Soc., 
Vol. 46, 1914, pp. 413-19. . 
"Finch, V. C., and Baker, 0 . E., Geography of the World's Agriculture, U. S. 
Dept. of Agriculture, Washington, 1917. 
'°Colby, Charles C., Source Book for the Economic Geography of North America, 
Uni. of Chicago Press, 1921. 
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In these terms, the unique contribution of geography to the field of 
land classification is that its point of attack is the area and in that 
attack its point of view is integration. 
A great number and variety of private, semi-public, and public 
agencies concern themselves with land classification. The program 
of this conference illustrates how, for the most part, each agency is 
concerned with some one relatively specific and restricted land use, 
such as agriculture, forestry, recreation, and city planning. Among 
the scientific disciplines represented in these agencies are agronomy, 
political science, geology, economics, and history. There is ample 
evidence that the end product of land classification consists largely 
of ascertaining trends in land use within definite areas and that 
the function of these land use planning ag~ncies is to facilitate and · 
direct these trends toward a definite goal rather than to impose 
some pre-conceived land use plan. The goal toward which land 
use trends are guided is, as George Otis Smith expressed it, "the 
utilization of lands for their greatest value."" There are present in 
the situation. therefore, many points of view but only one objective. 
If the several scientists and technical agencies are to achieve the 
single objective of land classification, there is an obvious and serious 
problem of integration. 
If man's use of land involved an adjustment only to climate, or 
to surface features, or to soils, or to scenic beauty; if man's use of 
land involved an adjustment only to markets, or to social customs, 
or to political structures; in fact, if man's use of land involved an 
adjustment only to all natural environmental factors or an adjust-
ment only to all cultural environmental factors-then the problem of 
integration would be absent or at least materially simplified. We 
know quite well that in the use of land no factor can be filed in its 
pigeon hole for keeps. The area-the site of man's adjustments in 
his use of land-is an entity made up of many segments, inseparable 
in their relationships, inseparable in their utilization. 
We know quite well that where man's use of an area represents 
a maladjustment, it is due more often . than not to his failure to 
realize the place that some one or more features of the area have 
in the totality of the area. He persists, because of his own inability 
to comprehend the total, in missing the critical factor. The situation is 
made more complicated by the fact that no one factor is critical in 
all areas; no one factor is critical to all land uses; and {ill users of 
land do not disregard the same critical factor. 
Factories and homes well adjusted to their sites in most respects 
will be damaged or destroyed by floods somewhere next year be-
cause adjustments have not been made to the totality of the sites 
they occupy. Crops well adjusted to their sites in most respects will 
"Smith, Georl'(e Otis, and others, op. cit., p. 7. 
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be damaged or destroyed somewhere next year by droughts because 
adjustments have not been made to the totality of the sites they 
occupy. Next year some people are going to spend more for gasoline 
in their search for a vacation land than their share ·of the cost of a 
public park close at home would be because they do not perceive the 
totality of the areas in which they live. Through their votes some 
people will contract a bonded indebtedness for draining land that 
will not return a profit because they do not · perceive the totality 
of the areas involved in the drainage scheme. 
To the users of land has come a steady and increasing flow of 
scientific knowledge covering agronomy, hydrology, economics, po-
litical science and other segments of the whole, Much progress has 
been made by technical agencies in the integration of this knowledge 
within specialized fields. Valuable though this scientific knowledge 
and this technical advance are, they represent only segments of the 
whole-segments which, when all are assembled, constitute the whole. 
We know that life in an area does not exist in unrelated segments, no 
more than the factors contributing to the success or failure of life 
in an area exist apart from each other. Integration is essential ~ and 
it is no more reasonable to expect the specialists in segments of the 
whole to produce the integrated view of the whole than it is to 
expect the factory owner, the farmer, the vacationist, or the voter to 
provide for himself such a perspective. 
A recent author confined his remarks on the nature t)f g'Ewgraphy 
between the covers of a 485-page publication." In it the reader finds 
the story of geography, not as the author sees it himself, but as 
the work of geographers has made it from the days of Classical 
Antiquity to the present. The student of land classification will find 
that the geographer, past and present, focuses his attention on the 
region or area as a unit of investigation, and within that region or 
unit his attention is focussed on the total character of the unit area 
as determined by the interrelated combination of all significant 
features. 
Strabo, geographer of Ancient Greece, wrote. "Geography, in 
addition to its vast importance in social life and the art of govern-
ment. acquaints us with the occupants of the land and ocean and 
the vegetation, fruits, and peculiarities of the various quarters of the 
earth .... "28 As the inheritors of the geography of Classical Antiquity 
and that of the Renaissance, the geographers of the eighteenth 
century as a matter of course considered all kinds of phenomena 
whose differences in different parts of the world made them appear 
"Hartshorne, Richard, "The Nature of' Geography," Annals, Assoc. Am. Geogrs., 
Vol. 29 0939). pp, 173-685. . 
28The Geo.e;raphy of Strabo. Trans. by H. C. Hamilton and W. Falconer, London, 
1892, introduction. 
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significant to a knowledge of the world." During the first half of 
the nineteenth century, it became common to regard the intricate 
interlacing of relationships between all the phenomena found in 
the earth surface, organic and inorganic, as functional relations of 
parts of a single whole.'0 One writer, appearing to anticipate the 
current field of land classification wrote. "The unit areas assimilate 
their inhabitants" and, "the inhabitants strive no less constantly to 
assimilate them.""' To both Rumbolt and Ritter, who made their 
geographic studies during the same period, "the concept of unity of 
nature presumed a causal interrelation of all the individual features jn nature. The phenomena of nature were studied in order to 
establish this coherence and unity. For both it was axiomatic that 
the unity of nature included organic as well as inorganic, human 
as well as non-human. immaterial as well as material. The exclusion 
of any part would be not only arbitrary but would destroy the 
coherence and unity of the whole."" Ritter took the position that the 
intellectual process of dividing the interrelated phenomena of nature 
into separate classes over the world was a disruption of the actual 
coherence of nature." The desire of the geographer to focus his 
attention on the area and on the integration of its aspects is reflected 
in a comment of Gilbert's in his report of the geology of the Henry 
Mountains published in 1877. He wrote, "In all the earlier explora-
tion of the Rocky Mountain Region. as well as in much of the more 
recent survey, the geologist has merely accompanied the geographer 
and has had no voice in the determination of either the route or the 
rate of travel. When the structure of a mountain was in doubt he 
was rarely able to visit the points* which should solve the doubt, but 
was compelled to turn regretfully away."" General Humphreys' 
instructions to Wheeler leaves no doubt that the attention of the 
Wheeler survey was to be focussed on the area study rather than on 
the individual phenomena of the area as separate, unrelated entities. 
" ... At the turn of the century, the purposes of geography cor-
respond in major degree as Richthofen stated in 1903, 'in content and 
methodology, to the concept which Rumbolt had given it.' Geography 
then. as throughout most of its history, was concerned, as Hettner put 
it, to study the areas of the earth (Erdraiime) according to their 
causally related differences-the science of areal differentation of 
2'Hartshorne, Richard, OP. cit., p. 211. 
"l'bid., p, 220. 
"Wisotzki, Emil. Zeitstromungen in der Geographie, Leipzig, 1897, p. 231. 
"Hartshorne. Richard, op. cit., p. 243. 
''Ibid .. P. 247. 
*Presumably outside of the area of concern 
"Gilbert, G. · K.. Report on the Geology of the Henry Mountains, United States Geographical and Geological Survey of the Rocky Mountain Region, Wash-
ington. 1880, P. vii. 
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the earth surface.""" Modern geography, Sauer concludes, is "the 
modern expression of the most ancient geography.'"" "Geographic 
thought at present," Colby states, "has two ceriters of interest. The first is philosophical and scientific in motivation and calls for inten-
sive study of areal or regional units of varyin.g dimensions. • It involves the recognition, mapping, classification, interpretation and 
comparison of unit areas. The second is social and practical in char-
acter and grows out of an active interest in social policies and prob-lems. more particularly in the wise utilization of land and other 
natural resources ... These two centers of geographic interest are 
complementary ... This close association of geographic science and geographic application is traditional in American geography."" And, 
we might add. it is traditional in all geographic work. 
A modern illustration of the focussing of geographic interest on 
unit areas arid on the integrated character of areal units is to be found in the work of a group of geographers from mid-western uni-
versities which has met annually since 1923. A major problem to 
which this ·group has addressed itself is how to observe, record, and interpret geographic facts of an area.3" As classifi~d by this group, 
observations fall into two classes: "(1) those that concern the visible 
elements of the natural and cultural landscapes, such as slope, soil, drainage, land use, character of products, and types of structures; 
and (2) those that concern the invisible matters relating to the char-
acter of the occupancy and use of the area. such as historical ante-
cedents of the population. their number. their methods and objectives 
"'Hartshorne. Richard. op. cit., p . 274. 
••sauer, Carl. "The Morphology of the Landscape," Univ. Calif. Publs. in Geogr., Vol. 2 <1925), P. 25. 
"Colby, Charles C., op. cit., p. 29. 
••(a) Jones, W. D., and Finch, V. C., "Detailed Field Mapping in the Study of the Economic Geography of . an Agricultural Area," Annals, Assoc. Am. Geogrs., Vol. 15 <1925), PP. 148-157. 
(b) Whittlesey, D. S., "Field Maps for the Geography of an Agricultural Area," Annals, Assoc. Am. Geogrs .. Vol. 15 (1925), pp. 187-191. (cl Davis, D. H ., "Objectives in a Geographic Field Study of a Community," Annals, Assoc. Am. Geogr5., Vol. 16 (1926), pp. 102-109. (d) McMurry, K. C., "Soil Mapping in Geographic Field Studies," Annals, Assoc. Am. Geogrs., Vol. 16 (1926), pp. 110-116. (e) Whittlesey, D. S., "Devices for Accumulating Geographic Data· in the Field," Annals, Assoc. Am. Geogrs., Vol. 17 (1927), pp. 72-78. (f) Platt, R. S., "A Detail of Regional Geography," Annals, Assoc. Am. Geogrs., Vol 18 (1928), pp, 81-126. 
(g) Jones. W. D., "Field Mapping of Residential Areas in Metropolitan Chicago," Annals. Assoc. Am. Geogrs., Vol. 21 (1931), pp. 207-214. (h) Platt. R. S., "Pirovano: Items in the Argentine Pattern of Terrene Oc-
cupancy," Annals; Assoc. Am. Geogrs., Vol. 21 (1931), pp. 215-237. (i) Finch, V. C.. "Geographic Surveying" and "Montfort-a Study of Land-
scape Features in Southeastern Wisconsin," Geographic Surveys, Geographic Society of Chicago, Bull No. 9, Chicago, 1933. 
(j) National Resources Planning Board, op. cit., Chapter XVIII, Land Classi-fication in the Tennessee Valley Authority. 
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in utilizing the area, and their market and other relations to regions 
beyond the one in which they live.'"' Observable facts are classi-
fied into two categories. namely, (1) those relating to features that 
have areal extent and can be spread on a map, and (2) those relating 
to features not having area or fixed locus and'. must be preserved in 
note form. The area and the coherence of its aspects are maintained 
by the map record. The features of each unit area-slope, soil, drain-
age. major land use, specific crop and quality thereof, and the like-
are mapped in combination, and the unit areal complex for which a 
single record is made is bounded by lines drawn as nearly as possible 
along the positions which mark a change in any one or more of the 
features noted. At the same time, the elements con::;tituting the areal 
complex are not disregarded as individual segments of the whole. 
For a given unit area, each natural feature and each cultural feature 
is recorded in the denominator and the numerator, respectively, of 
a fractional code. The fractional code for each unit area thus con-
stitutes a record of the unit areal complex and at the same time 
provides a basis for analyzing the nature and distribution of the 
elements that give the areal units their individµality. 
The point of view of area and integration illustrated in the work 
of these geographers is only one of many points of view essential 
to the attainment of the objective of land classification. To be 
effective the geographer must ally himself with other scientists and 
technicians. This alliance has already been realized on many fronts 
and in connection with many problems in the applied field of land 
classification.'° It is to be hoped that this alliance will continue and 
be strengthened and that geographers will continue and will increase 
their interests in the application of their science to the practical 
problems of land classification. 
••Finch. V. C .• op. cit., pp, 4-5. 
'°McMurry, K. C., "Geographic Contributions to Land Use Planning," Annals, 
Assoc. Am. Geogrs., Vol. 26 (1936), pp. 95·96. 
Colby, Charles C., op. cit., pp. 29-31. 
184 MISSOURI AGRICULTURAL EXPERIMENT STATION 
3. The Con:tribu:tions of :the Economist :to Theory of Land Classification 
M. M. KELS01 
The process of land classification is a social process-men dG it 
with the object of satisfying their desires; land classification, there-
fore, has social objectives. The social scientist must consequently 
have a significant contribution to make to the process and to under-
standing of it. 
A discussion of any social process in its theoretical setting should 
be expected to do two things: first, explore the role and ramifications 
of that process in the whole structure of social theory; and second, 
follow those ramifications beyond the boundaries set by familiarity 
and experience into the uncharted wilderness not yet thoroughly 
explored by our intellectual "frontiersmen." When these two things 
are done, the discussion becomes in reality a structure of hypotheses 
concerning the process discussed-hypotheses :to be proven; when 
the hypotheses become proveh, they are no longer "theory" but are 
then accepted practice. "Accepted practice" is then the subject for 
discussion in papers on methodology and procedure. A discussion 
of theory will necessarily contrast with a discussion of methodology 
because of a certain lack of definiteness, a certain lack of categories 
that are quantitatively ponderable, and a certain haziness and un-
certainty at the periphera. 
I am to discuss the contribution of the economist to the theory 
of the social process of land classification. I must make clear first, 
then, what being an "economist" means to me. The "economist" is a 
scientist who concerns himself with man's activities to get and use 
wealth for the realization of his desires. But wealth getting and 
wealth using activities of man are not separate and apart from other 
social behavior; hence the economist is in a larger sense also a social 
scientist. As such he cannot restrict his considerations to material 
things alone as wealth or to material well-being as the only social 
end; he also must expect and must be expected by others to be able 
to treat the non-material-the "philosophical good"-in his studies 
of man's wealth getting and wealth using activities. 
This is my conception of the job of the "economist;" it may be 
different from my conception of "economics" for what I am saying 
is the economist applies the principles of economics to a social process, 
but. because economic principles are erected upon assumptions per-
taining to other facets of man's behavior, the economist must be ready 
and able when assisting i:ti the formulation of social policy to appraise 
the validity of those assumptions in the setting of the particular social 
process to which he at a given moment may have turned his talents. 
1Head of Agricultural Economist, and Head, Division of Land Economics, Bureau 
of Agricultural Economics, U. S. Department of Agriculture. 
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The contributions of the "economist" which I will discuss will be 
those of the "economist" as social scientist and as social philosopher. 
Next I must indicate what I mean by land ·classification, the 
contributions of the economist to the theory of which I am to devote 
my attention. First, the land classifications I am concerned with are 
those which are adjuncts to and directly serve public policy formula-
tion-not land classifications that are developed · for academic enlight-
enment as socially valuable in the long run as such land classifica-
tions may be. The land classifications I am concerned with in this 
discussion are those made by technicians for the guidance of public 
policy; are "practical" rather than "academic"; are "pragmatic" 
rather than "idealistic." 
I am discussing, then. the contributions that the economist as 
social scientist (some might say "as social engineer") can make as a 
servant of society to land classifications which will guide the formu-
lation of public policy pertaining to the control over and use of our 
natural resources. 
There is not just one form of land classification, even in the 
restricted sense in which I am using the term; there. are many forms 
of land classification differing as the purposes for which they are 
develqped differ. Classification consists of putting the like together 
into categories under designations based on similarities of nature, 
attributes or relations, the particular attributes or relations designated 
being selected in the light of the purpose to be served. The validity 
of any classification rests, then, entirely on its usefulness for the 
purpose to be achieved; it is exclusively pragmatic and only prag-
matic tests can be used in evaluating it. Much needless argument 
among land classifiers can be saved if this fact is clearly recognized 
and the purpose that any land classification is to serve is made suf-
ficiently clear. 
I have already indicated the purpose to be served by the form 
of land classification which I am to discuss-viz., as a guide to the 
making of public policy concerning control over and use of our 
natural resources. There are many land classifications serving to a 
greater or lesser degree to guide policy-making relating to the use 
of our natural resources; to only some of them does the economist 
have a significant contribution to make. Recollect that classification 
of land may involve putting together into like categories any attri-
butes or relations of land as natural resources or as property (usually, 
however, restricted to those attributes that can be segregated geo-
graphically and shown on a map base). Many of these classifications 
will treat only the physical attributes and relations of land; to 
these the economist has little contribution to make except to aid in 
their formation so as to increase their usefulness to him in other 
classifications in which he will be vitally involved. Classifications 
such as of natural land types, use capabilities, present cover, carry-
ing capacities, timber type and stand, water supply are of this sort. 
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The economist begins to come into the land classification picture 
significantly when the land as natural environment and man's culture 
are shown in relationship, one to the other. In its simplest form, 
that of portraying present or past co-relations between land and 
culture or past trends in these co-relations, the geographer and the 
economist join hands, in the person, I presume, of the economic 
geographer. Land classifications such as of tenure relationships, own-
ership forms, tax status, types of farming or other economic uses, 
forms of local government and public services, etc., when portrayed 
to the natural environment are of this sort. The contributions of the 
economist to this sort of land classification are directed to answering 
this general question: What features of our culture are most inti-
mately related to our land resource base; what attributes or relations 
of those features are most indicative of their relationship to resources 
and also lend themselves most readily to study and evaluation?" For 
example, are religious institutions or farms most closely related to 
resources? What constitutes the best way to identify and describe the 
closely related institutions in order to relate them to the resource 
base-e.f., type of farming- what is it and how can we identify it? 
The economist becomes still more intimately concerned when the 
existing co-relations between resources and culture are appraised in 
terms of the social problems to which they give rise. He poses for 
himself these questions: "What social problems have their roots in 
resource-culture relationships? Poverty, wide dispersion in incomes, 
erosion. instability or inadequacy of community fabric, inadequacy 
or high cost of public services and government, dam~ges from floods 
rooted in resource abuse? How can I best portray these problems 
and what aspects of them are most intimately related to the resource-
culture relationship and lend themselves best to study and segre-
gation? Tax delinquency, condition of improvements on the land, 
labor income, level of livelihood, mobility, group participation, etc.?" 
To these questions in this third form of classification the economist 
per se and as social scientist and social philosopher directs his atten-
tion, formulates the categories, describes the attributes and relations 
to be sought, prosecutes the seeking, the classifying -and the portray-
ing by verbal and map description. 
The three forms of land classification that have been discussed 
so far concern themselves with the present or the past; they look 
at the contemporary scene or at past scenes; they do not by them-
selves show what a desirable or attainable public policy of resource 
use ought to or might be. To serve this purpose the land classifica-
tion must be "forward looking" as well as lateral and backward look-
ing. True enough, the forward look is always taken. or at least 
should always be taken, from the present based on past experience 
but the pictures of the present and of the past do not, ipso facto, 
become the projection of the future. The projection into the future 
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where the formulation of public policy is involved calls for the 
use of disciplined imagination that takes the present as its point 
of departure and the exP,eriences of the past as its raw materials. 
Society secures the full worth of the economist's abilities when, 
with respect to land classification, he undertakes, through use of 
his disciplined imagination and his fund of knowledge regarding 
human behavior. the preparation of a land classification that is a 
projection into the future of changes in t~e existing pattern of land 
uses which will permit man more nearly to realize his desires and 
which have some reasonable possibility of attainment. It is only this 
sort of land classification that can be directly helpful in making 
public policy; public policies are always established today for to-
morrow's good based on yesterday's experience. Hence, a land classi-
fication, if it is to serve directly the formulation of public policy, must 
be likewise established. 
For this, the fourth form of land classification. the economist 
comes into his own. The economist, we recall, is a student of man's 
efforts through his wealth getting and wealth using activities in 
society to realize his desires for well-being. Desires are realized, 
insofar as they are realized at all, only in the future; the how of their 
realization is derived from what was learned in the past. The econo-
mist's most significant contributions to land classification are made, 
therefore, with reference to those forms of land classification that 
portray what changes in the pattern of land uses now existing would 
permit more nearly a complete realization of man's desires and which 
have some reasonable possibility of attainment. 
One form of land classification developed by the economist for 
this purpose which I wish to discuss is that form which appraises 
the economic productivity of resources in terms of the differing 
degrees of intensity in the application of capital and labor which 
have proven themselves justified by returns actually earned from 
their application. In this form of land classification the economist 
determines the varying degrees of success which have attended the 
differing intensities in the application of labor and capital that have 
been applied and projects into the future a pattern of uses involving 
the intensities in application that have been found to be most suc-
cessful in the area. For this reason it is a direct guide to the formu-
lation of public policy relative to land use and, granted the validity of 
its premises, is a forward looking land classification. 
But the limitations imposed by its premises will bear some exam-
ination for it is only by a clear recognition of the limitations of those 
premises that its proper use can be assured. It explicitly assumes 
first, that observed successes and failures in the application of vary-
ing degrees of intensity of labor and capital measure the only deter-
minable possibilities of the resources to support labor and capital 
applications and, second, that the resources will probably in the due 
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course even without conscious social aid come into those uses which 
are observed as now supporting the labor and capital being applied. 
The public policy derived from these premises is one which will 
facilitate realization of the pattern of uses found now to be observably 
asserting themselves. 
The method involves these additional implicit assumptions which 
decidedly restrict its real usefulness, however, as a complete guide 
to policy making. First. it is necessary to assume that present land 
users in the area are fully aware of all alternative uses and their 
comparative potentialities as income producers. Second, most situa-
tions will require the implicit assumption, as a corollary to the first, 
that forests and grazing and other such "extensive" uses are residual 
users and that where agricultural use is "paying its way" agriculture 
should remain whether or not forest or grazing would "pay more." 
Third, it is necessary to assume that the social groups are fully 
aware of the limitations on or encouragements to use of the resources 
in the area imposed by their social institutions and that they have 
decided that the institutions. just as they are, are preferable to any 
alternatives in spite of repercussions they may be having on resource 
use in the area. Fourth. it must be assumed that the changes in 
patterns of use which are coming about and which the derived social 
policy will implement will not have repercussions back upon the 
economy that will set off contrary forces which will, in a sense, 
"reverse the trend." Fifth, it is implicit that the society must be con-
tent with the emerging pattern of uses regardless of any regard it 
may have for welfare of future generations or for presently desirable 
uses that entrepreneurs will not themselves bring about because 
they are uses (such as parks) not subject to entrepreneurial effort. 
Sixth. it is necessary to assume that the present pattern of public 
services and the incidence of their costs that will obtain in the 
emerging pattern of land uses will be acceptable both to the bene-
ficiaries of the services and to the bearers of the costs. Seventh, it is 
necessary to assume that only such land use change is realizable as 
is already expressing itself in changing patterns of land use and in 
changing related social institutibns. Eighth, it is necessary to as-
sume that individual entrepreneurial judgments are the only reliable 
guides to land use change and that group guidance is fraught with 
dangers of error or that. ethically, it is socially preferable for land 
users to make their own decisions as to desirable land uses without 
insertion of the group will into the process. • 
Whether I have derived all the necessary implicit assumptions 
or not is immaterial. It is at least evident that to use this form of 
land classification as a forward looking guide to public policy involves 
the tacit acceptance of many notions; insofar as they are true, the 
approach is excellent; insofar as they are not, the approach is faulty. 
Insofar as these premises-which are hypotheses until demonstrated 
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-have been assumed and not proven in the land classification just 
described, the approach leads to inconclusive results. A form of land 
classification to be adequate must examine these assumptions in re-
lation to resoµrce use and be guided by findings with respect to them. 
Further shortcomings of this form of land classification not 
involving the premises should also be pointed out. Classification in 
terms of the intensity of applications of labor and capital which the 
resource can support is necessarily a classification based on an ab-
straction unless it is assumed that the specific emerging uses by 
which intensity is measured are those for which labor and capital 
in concrete form and in specific quantity will be applied. Capital 
and labor are always applied in concrete forms and specific amounts 
to achieve real and not abstract goals. They are never in life applied 
as abstractions. Consequently, a form of land classification which 
merely says that certain areas of land can support only extensive 
applications of capital and labor tells only a small part of the story-
what kinds of capital and labor and in what amounts? Or from 
another viewpoint. what type of use among several possible types 
all requiring 'about the same abstract intensity of capital and labor 
can the area support? Timber production and some types of farming 
may require about equal intensity of applications of labor and capital 
but public policy wants to know whether the area should be encour-
aged to go into trees or remain in farms for traditionally, at least, 
the difference between forest use and farm use has seemed to 
dictate different public treatment. 
A further limitation of this form of land classification is that 
it gives no basis even for educational effort concerning what might 
be better land utilization except to acquaint interested parties with 
what is emerging and to encourage them to do likewise. Education 
as a means to stimulate new patterns of land use finds no basis in 
this land classification; new forms of land use or of social institu-
tions that might significantly better conditions are left solely to the 
inventive powers of the populace. I feel that education has a more 
vital role to play than this. 
What then would be a forward looking form of land classifica-
tion which would be most useful in policy-making and what would 
be the economists contributions to it? The balance of my discussion 
will be devoted to a consideration of the theoretical setting of such 
a land classification, its character, content, objectives and limitations. 
The significant elements in a land classification that test the 
assumptions enumerated above are that it involves the imaginative 
projection of lines of change in the present pattern of resource use and 
in institutions intimately related thereto which if followed out will 
more nearly realize man's current desires for well-being. It will chart 
a course of change in land use patterns and in related institutions 
which will result in an equating of man as individual and as society 
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to land resources in a manner more nearly to permit realization of 
his current desires. It involves grouping land resources into cate-
gories based on similarities of nature, attributes or relations insofar 
as they are significant to man, his culture and the realization of his 
desires; the classifications can be portrayed on a geographic base 
in areal terms. in part. and by accompanying narrative discussion and 
addenda. 
First, we should consider the meaning and significance of three 
concepts used just above in characterizing this form of land classi-
fication, viz., "imaginative projection", "lines of changes in patterns 
of use and institutions", and "current desires." 
Any consideration of the future is a function of the imagination. 
Public policies are always formulated with an eye to future objec-
tives and future behavior of the men affected. Land classification 
to be directly useful to the making of public policy must also be con-
structed, at any given point in time, with an eye to future well-being 
based on past experience. Consequently, any land classification of the 
type I am now discussing describes a sequence of changes in land use 
which will be realized in the future if realized at all and hence is purely 
and simply a product of the imagination (though of a disciplined 
imagination) projected into the future. It should be kept continuously 
and clearly in mind that the chief characteristic of the economist's 
contribution to land classification is that of the disciplined imagina-
tion laying the basis for future utilization of our resources in the 
interest of future well-being-i.e., 'imaginative projection." 
Frequently it is said that this "imaginative projection" should 
consist of the delineation for future attainment of actual patterns of 
land use and related institutions that will when attained increase 
social well-being. The objective, when this is the goal of the method, 
is to portray actual areal uses and actual form and function of insti-
tutions intimately related to resource use that will, all together, 
improve the resource-culture relationship. Now in abstract theory 
I have no objection to this formulation of the end produCt of an 
economist's land classification. But as a workable objective it leaves 
much to be desired. In the first place it involves the difficult and 
even impossible task of selecting a point in time at which the indi-
cated patterns are to be attained. Secondly, which is related to the 
first point. it raises the question to which only an arbitrary answer is 
possible-whether this imagined pattern of uses is to be some sort of 
an abstract "ideal" pattern or some sort of a "reasonably" attainable 
pattern of uses~and what is "reasonable" varies all the way from 
what might be attained next year to what might be attained a 
generation or two hence; there are no clearly defined guideposts for 
selecti.n~ a "reasonable" goal. Thirdly, to portray an actual pattern 
of uses to be attained in the future implies that changes in present 
patterns should be headed directly and in a straight line toward 
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the attainment of the projected pattern, an implication that may 
frequently be in error. In social change, a straight line is not always 
the shortest line between two points-the course to be pursued is as 
important as the goal to be reached. Fourthly, a pattern of use pro-
jected at any given moment for future attainment is based on past 
experience. From moment to moment, therefore, as new experi-
ences are had. the need for new goals will become apparent. It 
may not be too much to say that projected patterns of land use will 
become to some degree obsolete as soon as they are formulated and 
that they will be always out of date. 
In my judgment the economist's land classification can avoid 
these practical difficulties only by being cast into categories of 
change from present patterns of land use rather than into categories 
of specific future patterns of land use. That is, I am arguing that 
the economist should state not that any given area should be in 
commercial timber production but should state rather that the 
existing farm uses in the area should be modified in an indicated 
manner to increase well-being of their occupants while other oppor-
timities elsewhere or in connection with rehabilitation of the timber 
enterprises of the area are found and that, in general, changes in 
land use should emphasize and changes in related institutions should 
encourage commercial timber operations. After all, social change and 
the policies relevant thereto are dynamic; a land classification to be 
truly serviceable in any direct sense must also be couched in dynamic 
categories and concepts. Public policy always starts with the exist-
ing as given and projects a direction of change; similarly, a land 
classification must start with the present and indicate a course to 
the future-it is the path from the now to · the then that is significant 
for the policy maker, not just the then. Hence, my conclusion that 
the objective of the ecconomist's land classification is to indicate 
lines of change in patterns of land use and relat~d institutions and 
not future patterns of use. Notions of future patterns of use are, of 
course, implicit but it is important to note that they are notions.-
not definite categories. The distinction is important. 
Imaginative projections of lines of change in patterns of land 
use and related institutions are, I have stated, to be governed by 
man's current desires for well-being. It should be clear with a 
moment's thought that it is current desires that should govern be-
cause it will be current men who will accept or reject the classifica-
tion and who will erect a public policy on it or who will not. For 
the economist's land classification to be governed by current desires 
does not rule out concern for abstract future social welfare, Current 
desires embrace, within the limits of current knowledge and selfish-
ness, consideration for the welfare of future men. A land classifica-
tion attuned to current desires will therefore include, within the 
limits of knowledge and selfishness, pro:vision for the welfare of the 
'\ 
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abstract future as well as of the concrete present. Probably it will 
not include provision for the future to the extent wished by many 
social philosophers, the economic land classifier among them, but if 
the land classification is to be a realistic basis for public policy, it 
must be in tune with the ideals of men who here and now are mak-
ing public policy and must fire their enthusiasms; and "ideal" land 
classification may be a beautiful example of a craftsman's art and 
be a splendid basis for an educational program but still have no more 
significance in terms of land use adjustment actually attained than 
if it had never been made. 
The economist's land classification, then, is an imaginative pro-
jection of lines of change in patterns of land uses and intimately 
related institutions which if followed out will more nearly realize 
man's current desires for welfare. 
What is the "land" which is the subject of the classification? 
It is, on the one hand, physical fact-soil, water, vegetation, climate, 
mineral, spacioµsness-whose nature, attributes and relations are 
classified. But land is also cultural fact-owned, rented, bought and 
sold, mortgaged, taxed, and managed as property. Both aspects are 
significant in the economist's classification, the physical because they 
set the natural limits and possibilities of use, the cultural because it 
is property that provides the mechanism of control through which 
the potentialities inherent in the resource are or are not realized. 
Land as property provides one of the roles and one of the challenges 
to the economist in land classification. 
What is "man" whose aspirations govern the uses to be projected? 
He is both an individual in the animal sense and an institutionalized 
or socialized being-both animal or individual and citizen or member 
of the group. As an animal or individual he exhibits selfishness and 
condones the use by himself of force unhindered by others; as an 
institutionalized being, he exhibits altruism and concern for others 
and the group and subjects himself and others to group regulated 
powers of coercion and persuasion, His desires are derived from a 
blending of these attributes-hence both must be considered in the 
land classification. It is frequently unrecognized by those interested 
in altering patterns of land utilization that man, the land user, creates 
social institutions (which are but group sanctioned customs or codes 
of behavior) that restrict or liberate the activities of land users and 
hence have an effect on land uses separate and distinct from the 
effects of the physical attributes of land on its use. If land is used 
intensively because of the tenancy institution, it is as significant to 
land classification as is its intensive use because of fertility or high 
productivity. Hence, man not simply as free-willed entrepreneur but 
man as institutionalized being is another of the concerns of and 
challenges to the economist in land classification. 
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The economist's land classification is concerned, however, with 
the paU:ern of relationships of man to land, hence facts pertaining 
to man alone and to land alone as I have just defined them are not 
the sole or even the primary concern of the economist; they con-
stitute basic facts but it is the relationships of man to land and the 
ins:t:i:tutions through which the relationships are effected that must 
be the direct and immediate concern of the economist. Man and 
land are brought together, and are related or equated through the 
medium of the going concern, frequently referred to as the operating 
unit or unit of management-farms, ranches, timber enterprises, pub-
lic forest or recreational enterprises, etc. The going concern is the 
mechanism through which man strives to achieve his desires by 
wealth getting and wealth using activities. For land utilization, it 
involves those going concerns through which man brings land under 
his control and into use. In our culture these land controlling con-
cerns are, in general, private and subject to individual management; 
but to an increasing degree public concerns subject to public manage-
ment through hired civil servants are assuming direct responsibility 
for land control and use. "Corporations" (private concerns subject 
to some measure of group control through hired private managers), 
are by no means as important in the land use field as they are in 
other areas of business with the possible exception of timber enter-
prise and mineral exploitation; the increase in corporate ownership 
and control of farm land through agricultural credit and foreclosure 
may be of greater significance in the control and use of land in the 
future. 
Through the going concern, man as individual and as institu-
tionalized being and land as physical resource and as property and 
the restrictions imposed and liberties granted by corollary social 
institutions respecting man's use and control of land are brought to-
gether. Man as individual and land as natural forces are equated in 
what we can call the "going plant" where management of produc:t:ion 
takes place under the guidance of the principles of efficiency: man 
and land as property are brought together in what we can call the 
"going business" where management of :transactions involving bar-
gaining (i. e., purchase and sale) takes place under the guidance of 
the principles of scarcity. The going plant guided by scarcity be-
comes the going concern in which management takes place under the 
guidance of profi:t:. The activities of the entrepreneurs of the land 
using and controlling concerns, and hence their opportunities for 
securing profits, are liberated, expanded or contracted, by the corol-
lary social institutions representing group interests in the land and 
its use. The pattern of land use that exists at any given moment is 
a resultant of man's behavior as the manager of going concerns 
(public and private)-going concerns that compete with, complement 
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or supplement one another under the rules imposed by social insti-
tutions as each concern strives to maximize its returns. 
"Profit" or •ireturns" in the sense in which I am using the terms 
here are not necessarily the same as the profit of· the accountant. 
They encompass all net returns which are motivations of human 
activity~ For private entrepreneurs, they may be largely monetary 
but supplementary returns of a non-monetary character are often 
significant elements and cannot be overlooked in the economist's 
land classification. For public entrepreneurs who play a significant 
and increasingly important role in land management and use, they 
may be wholly non-monetary, as in public parks, although frequently 
considerations of net monetary returns may be of considerable 
though not of exclusive importance, as in setting a cutting policy 
on a public forest or establishing grazing fees on public ranges. 
The economist's land classification will, then, involve considera-
tion of those going concerns through which land is controlled and 
used by man and will have as its objective the projection of changes 
in the geographic pattern of these concerns which will increase per 
c;apita social net returns or which will demonstrate that the present 
pattern is producing as much per capita social net return as can be 
currently expected. The individual going concern as a discrete phe-
nomenon is incidental in this process; the conflicting, complementary 
and supplementary relations of all concerns superimposed upon their 
several relations to the physical and social environment demand that 
they be considered as "patterns" on the geographic base-"patterns" 
produced by the interacting relations of concern to land, concern to 
institutions. and concern to concern. This is not to deny that con- . 
sideration must be given in the economist's land classification to the 
economics of individual concerns for, obviously, a "pattern" is in one 
sense merely a collectibn of single concerns. There is, however, a 
most important distinction between "pattern" and "collection"-a 
collection is merely a haphazard arrangement of single phenomena; 
a pattern is an ordered arrangement of the same phenomena. In the 
economist's land classification it is the ordered arrangement of con-
cerns over the earth's surface-its causes and social consequences-
that is the core of his problem. 
Attention focuses on the areal pattern of land using concerns for 
two reasons. first. because the land base exists as an areal pattern 
and it is to relate the social phenomena of land use to this geographic 
base pattern that land classification attempts and, second, because it 
is group welfare as distinguished from the maximization of entre-
preneurial incomes as such thq.t is the objective of the projected 
changes in land use patterns. Group ·welfare is not necessarily 
achieved by maximizing entrepreneurial incomes. Knowledge con-
cerning the returns to individual going conceI"ns is a necessary step 
on the road to final judgment concerning patterns of use that will 
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maximize per capita group returns but the most challenging part of 
the whole task of economic land classification is taking the step from 
individual returns to group welfare. 
I am borrowing from Weeks and Josephson' the concept "Social 
Net Returns" to describe those returns that accrue to the social group 
from the pattern of land use and that are measurable in some degree 
by the policy maker and by the economist. Maximization of these 
social net returns in gross total and in per capita shares is the ob-jective of the changes in the patterns of land use portrayed by the 
economist's land classificatoin. Social net returns are the surplus 
remaining (to whomsoever they may accrue within the area and that 
are produced by the pattern of land use or from changes therein) 
after (1) operating costs including capital replacement incident to 
the land use pattern in the area of study have been met; after (2) re-
sources in the area have been protected against depletion for the 
benefit of the future to the extent that current aspirations of the 
citizenry demand; after (3) dispersion in the amounts of individual 
incomes in the area has been narrowed to whatever extent current 
thinking in the society believes to be warranted; after (4) costs of 
wanted public services are met either out of income within the area 
or from income outside the area if the benefits accruing outside the 
area seem ample to warrant the cost; after (5) damages ·accruing to 
resources and property outside the area arising from resource misuse 
within the area have been reduced through land use changes by what-
ever amount the ratio of benefits to costs seems to justify; and after (6) the community fabric of institutions has a reasonably firm basis 
for stability and richness. It is to the maximization of total social 
net returns in any area (but not beyond the point where the luwest 
family incomes will drop below some generally acceptable minimum) 
after the foregoing stipulations have been met that the economist's 
land classification is directed. 
The calculation of gross returns to whomsoever they may accrue 
within the area resulting from resource utilization in the area of 
study is the first step in the process. Gross returns are significant 
because to a considerable degree what is "cost" to one individual 
within the area is "income" to another. The gross total of incomes 
derived or derivable from the pattern of area land use then has an 
important relation to the number of persons depending on the area 
now or who might depend on it in the future. 
But though total gross area returns constitute the starting point, 
they cannot be the sole criterion of a desirable economic land classi-
fication. Certain stipulations-those outlined above-must be met; 
'Weeks, David and Josephson, H. R. Economic Criteria for Classifying Non-Urban 
Land According to Probable Best Use. Journal Farm Economics 21 (2): 419-
434. May 1939. 
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the maximization of the surplus after these stipulations have been 
met is the objective. 
"Operating costs" including capital used up must of course be 
repaid out of gross income derived from the land uses of the area 
if the particular pattern of uses is to be permanent. The economic 
land classifier's concern with operating costs including capital re-
placement is to decrease the negative spread or to increase the 
positive spread between operating costs and returns by directing 
the land use pattern in the appropriate direction. "Operating costs" 
include, from the areal point of view, only those costs for supplies, 
services, and capital brought info the area, "opportunity costs" out-
side the area for labor and capital used in the area. and the capital 
used up in the area's activities. Only area income and area costs 
need be considered-amount paid for supplies within the area, 
amounts paid for local labor, for local interest and rent can be ignored. 
The cost of "imported" supplies, services, and capital and alternative 
wa,ge and interest opportunities outside the area for labor and cap-
ital used in the area. are all that need be included. 
Resources in the area which support the income may or may 
not be depleted by the methods of use now followed or proposed. 
Frequently, to reduce rates of depletion means to reduce area in-
come; hence the second charge to be met out of area gross income 
or to be subsidized from outside benefits. Many people are led to 
say that complete protection of the resources from depletion should 
be the objective of the classification regardless of its impact upon 
income. Such is patently impracticable for those resources we call 
exhaustible; for renewable resources, if the land classification is to 
be a realistic guide to public policy formulation, provision for re-
source protection from depletion and consequent loss in income, if 
any, must be included to the extent that social thinking on the part 
of those in position to translate the classification into policy, is justi-
fied. Furthermore, the classification, being in terms of a direction of 
change in land use patterns, provides not for immediate stoppage 
of depletion and immediate drastic losses in income but for changes 
in land use patterns which will progr.,,ssively realize conservation of 
resources as rapidly as and to the extent that public thinking will 
accept. 
Consideration must be given to the social belief that wide dis-
persion in the amounts of individual incomes i:, socially undesirable. 
It may well be that total net returns in an area can be increased and 
that average per capita income can be also increased by some change 
in land use that the public won't accept beca11se the change will 
create an increased spread in the dispersion or the amounts of in-
dividual incomes. Account must be taken, consequently, of the status 
of public thinking in regard to equality of income and the classifica-
tion provide for a pattern of uses which will likely produce a disper-
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sion of incomes to land users that will be in line with anticipated 
public reaction even ·if it results in less total and per capita income. 
It may, so far as the group is concerned, be better to have a total 
income of 100 in the area than of 150 if in the latter per capita in-
comes spread from 5 to 10 whereas in the former they might spread 
only from 6 to 8. 
Public services of schools, roads, government, and relief must 
be provided to some extent in every area. The total costs for such 
services will vary with the quality and quantity and cost rates of such 
services and the per capita costs will vary in addition with the in-
tensity and geographic dispersion of settlement and occupancy. In 
projecting lines of change in patterns of land use that will increase 
well-being, consideration must be given to what are considered to 
be adequate standards for public services and then their costs must 
be balanced against the income available to meet them. Such in-
come may come in whole or in part from income produced in the 
area but not necessarily so in its entirety. If society gains advantages 
from a pattern of use and occupancy commensurate with the spread 
between the costs of public services that local income can meet and 
the costs necessary to provide service of adequate quality, then con-
tributions from outside the area can be legitimately provided. 
Frequently patterns of land use are of a sort that result in serious 
run-off and silt hazards to property and resources downstream. Con-
sideration by the economist must be given to the comparative social 
advantage of preventing the damage at its source as against per-
mitting the damage to continue; to decide upon the former places the 
costs of control upon the land user at the source for which social aid 
may or may not be available; to decide upon the latter places the 
costs of protection upon the users of the damaged areas. Judgment 
here will be based upon weighing benefits and costs to both areas 
against one another and choosing the plan that seems to have the 
greater social gain. 
Changes in patterns of use must also envisage a base for com-
munity institutions that will be stable and which will permit the 
creation of a satisfying community life. 
In working out an economic land classification which will meet 
the foregoing stipulations, there are certain general considerations 
to be kept in rp.ind. First. the principles of comparative advantage 
and the interrelationships of inter-regional and inter-area competi-
tion must be allowed for in arriving at judgments concerning changes 
in patterns of land use that will maximize social net returns for any 
area. Shifts in patterns of land use within the area of study may 
shift market balances and public costs in a way that may have 
significant repercussions back upon the area if they are not antici-
pated and allowed for. Second, alternative opportunities for people 
now dependent on the area must be carefully considered. If oppor-
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tunities for better livelihood exist elsewhere for them than now 
exist or can reasonably be expected to exist in the area, changes· in 
land use patterns involving their gradual emigration may be entirely 
proper. If alternatives of such character do not seem to exist, the 
best that can be made of the situation is to project changes in pat-
terns of land use that will provide as much as possible for all the 
people of the area even to the extent of not meeting as adequately 
as might otherwise be possible all the stipulations listed above. Third, 
attention of the land classifier cannot be focussed on the area of 
concern alone to the exclusion of the rest of the world. This has 
been abundantly clear in the foregoing discussion. It must be clearly 
recognized that the area selected for land classification is a purely 
arbitrary choice based on expediency and convenience. The inter-
relations of the area of concern and the surrounding world must be 
kept constaritly in mind although doing so may frequently mean 
making assumptions rather than analyses concerning affairs in the 
surrounding world as they relate to the area under concern. Such 
assumptions should, of course, be clearly stated in the description 
of the Classification. Fourth, per capita returns to the people in the 
area classified that are available for livelihood are the returns exist-
ing over and above the amounts needed or income foregone to meet 
the stipulations listed above. Hence, the economic land classification 
has as its objective the projection of lines of change in patterns of 
land use which will increase the net above these stipulations. 
It will be well to explore briefly the relations between land use 
patterns and social institutions from the standpoint of the theory 
of economic land classification. Without stopping to think about the 
matter too carefully most persons will presume that economic land 
classification will portray some person's or some group's ideas as to 
what would be "best" use of the land, usually meaning by "best'' 
use some sort of "ideal use" in the sense that only the physical limita-
tions of nature interpreted in terms of costs and returns will control 
the pattern. But such a "best" use never has, and so far as any of 
us can foresee the future, never will exist. Such a pattern of "best" 
use is therefore an abstraction that never can be · of direct service 
in setting public policy. To be real and useful, it must allow for 
the social controls imposed by social institutions. The vital question 
is not whether such allowance should be made but rather how to 
make it. 
A going pattern of land use is the product of the attributes of 
physical resources, of economic forces ill terms of costs and returns, 
and of the rules laid down by social institutions. Any projected 
changes in patterns of use must be formulated in a similar setting. 
The attributes of physical resources are least subject to alteration 
and may to a considerable extent be considered as fixed. The rules 
I.aid down by social .institutions are also relatively fixed but they 
BULLETIN 421-LAND CLASSIF'ICA'l'ION 199 
nevertheless do change. It seems necessary to allow, therefore, in an 
economic land classification showing lines of change in patterns of 
land use for as much change in social institutions as it seems prob-
able public action is likely to produce. These probable changes in 
social institutions, if any, may make possible showing in the classi-
fication some shifts in land use not otherwise worthy of considera-
tion. For example, in a high tenancy area where the tenancy institu-
tion is an important contributing influence to continued cash crop 
farming to assume unchanging continuance of the tenancy institu-
tion may preclude providing for ·any but very minor alterations in 
the land use pattern. bad as it may seem to be. Yet, at the other 
extreme. to ignore the existence and tenacity of the tenancy insti-
tution and to project changes in land use patterns that are unattain-
able so long as the tenancy institution remains is so unrealistic and 
so far out in front of 'public thinking as to result in little or no useful 
accomplishment in terms of needed land use adjustment. The tenan-
cy institution is neither immutable and unchanging nor ephemeral 
and fleeting; either assumption is quite unrealistic. It seems common 
sense. therefore. when classifying land in situations such as this, to 
provide for as much change in land use patterns as it seems reason-
ably possible to attain by attendant probable alterations in the 
tenancy institution. To sum the matter up, it seems that the econ-
omist in land classification will wish to project not only desirable 
lines of change in patterns of land use but. whether he knows it or 
not. he will also be predicting what is probable or calling for what 
is reasonable in the modification of social institutions so closely re-
lated to land use as to be in a more or less significant position of .con-
trol over it. 
A final word on method. When the number of variables in any 
problem is sufficiently few. it is possible for the human mind to 
equate their variable interrelationships in one continuous process so 
that the first solution arrived at is also the final one. requiring check-
ing only for accuracy of calculations. When. however. the number 
of variables is legion. the human. mind cannot follow their confusing 
interrelationships through to a final solution in one try. It must 
construct a series of "trial solutions" and then compare the adequacy 
of the several solutions. choosing the one that seems to resolve the 
problems most adequately. 
An economic land classification is of this sort. The confusedly 
intertwined relationships between land resources and concerns, be-
tween concerns and concerns, and between concerns and social insti-
tutions cannot be resolved in one attempt. Hence, it seems neces-
sary for the economist to construct a series of projected changes in 
land use patterns, each of which is within the probabilities of attain-
ment, and to evaluate the social net return resulting from each, 
selecting that one which, all things considered-quantitative and 
200 MrssoURI AGRICULTURAL ExPERIMENT STATION 
qualitative; material and spiritual-seems to offer the most for social 
welfare. For each projection of changes in land use constructed, it 
will be necessary to follow out the increases in returns as far and 
to whomsoever they accrue and to evaluate their quantitative sig-
nificance; and similarly to follow out the increases in costs to whom-
soever they may accrue and to evaluate their quantitative significance. 
That solution to the land use problem for which the returns are great-
est and under which the largest number of families are suppliP.d 
with income above a reasonable minimum, would be the one selected 
as "best." 
I hope I have made clear that economic land classification is, 
whether we know it or like it or not, the forecast of a social change 
and as such is beset with all those complexities, uncertainties, and indeterminants with which any judgment as to the future course of 
social change is beset. But if the economist is to attain his majority 
and if society is to receive the worth of his support, then it is up to him to face these complexities and confusions, turn on them the care-ful scrutiny of an objective mind, keep a sympathetic eye and ear 
on the evidences that portray current human desires, and formulate for the makers of public policy what in his judgment is a workable, 
attainable program of land use adjustment that if set forth upon 
will result in a continually closer fulfillment of man's desires. 
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DISCUSSIONS 
W. E. GRIMES' 
This program was designed to cover the contributions of the soil 
scientists, the geographers, and the economists to the theory of land 
classification. Dr. Kellogg, in his paper, has given an excellent state-
ment of the relations of the soil scientists to land classification. He 
stressed the importance of groups working together and the neces-
sity of cooperative action. From his paper one may correctly con-
clude that. to some degree, the soil scientist must be a social scientist 
and. in turn. the social scientist must know at least the elementary 
principles of soils. 
Dr. Hudson has given an excellent description of the origin- of 
the work of geographers in the United States and elsewhere and of 
the contributions the geographers can make to the problems of land 
classification. 
Dr. Kelso, in his assignment on the program, was given the task 
of outlining the contributions of the economists to the theory of land 
classification. Your speaker found his paper abstract and at times 
evasive and had difficulty in knowing specifically just what meaning 
to attach to certain statements. Mr. Kelso limited his discussion of 
the contributions of the economists in land classifications to those 
classifications "which are adjuncts to and directly serve public policy 
formulation." I am not willing to limit the work of economists to 
this restricted field as Dr. Kelso does by inference although not 
specifically by statement in bis paper. Land classification is im-
portant in both public and private policy formulation. The policies 
of individual farmers. of private lending agencies, and of a host of 
other private interests are of vital concern in land use, and effective 
land use must be based on desirable classification of land. Perhaps 
the difficulty lies in the lack of a definition for "public policy" as 
discussed by Dr. Kelso. However. one is led to believe that he in-
tentionally omitted consideration of land classification from the 
standpoint of private policy formulation. 
If land classification is of concern only from the standpoint of 
public policy formulation, one may infer that private policies are of 
little or no concern in land classification. This logically infers that 
land as private property may cease to exist and raises the question 
of how far Dr. Kelso would go with the nationalization of land and 
the socializat ion of incomes. The paper does not make this clear. 
Certain phrases in the paper by Dr. Kelso are abstractions which 
need more specific meaning if they are to be useful in developing 
satisfactory policies in land classification. For example, "disciplined 
'Professor of Agricµltural Economics, Kansas State College, Manhattan, Kansas. 
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imagination," "imaginative perception," and "current aspirations" 
probably have little meaning for those who are cnarged with the 
responsibility of enacting legislation or of adopting specific private 
policies which affect land utilization. 
The speaker believes that Dr. Kelso has not covered all of the 
contributions of the economist to land classification and that a clearer 
statement of the contributions which economists are in a position to 
make would be helpful to all those working in the field of 1and 
classification. 
BULLETIN 421-LAND CLASSIFICATION 203 
THE CLASSIFICATION OF LANDS FOR FOREST MANAGEMENT 
JOHN R. CAMP' 
Segregation or classification of lands for forest use has its roots 
in the decisions of the early settlers who cleared the forests for homes 
and farms. They had to decide which lands were best suited for 
cultivation and which lands they would leave in forest. This required 
one rather elemental but none the less important decision. It was 
made without particular knowledge of classification. techniques or 
adequate factual information. Generally it was determined more 
by mere circumstances and guesswork. It was wasteful. Forests 
were taken for granted. They were an obstruction and were cleared 
-cut back to the rougher or more inaccessible parts of the farms. 
However, the real lesson that we today might learn from these de-
cisions is that this earliest of classifications was quite objective. It 
represented only one phase i:ri the process of applied land ·use-
nothing more. That land classification is only a part of the planning 
process is not in my opinion fully appreciated. Many present-day 
technicians in their zeal to obtain adequate basic data and to perfect 
techniques for land classification have forgotten the object of the 
classification. 
Another criticism of prevailing thought on land classification is 
neglect of the human element. A volume . of factual information may 
be overwhelming; it may be critically analyzed and the resultant 
classification most exacting, but in practical application as it affects 
the people on the land, it may have decidedly negative results. The 
whole process if confined to technical considerations only, may glorify 
the classifier in his own select group of technicians but have no prac-
tical application. It is indeed encouraging to find that in the last 
few years there have been definite steps taken to use land classifica-
tion in its proper place as an expression of the best known facts 
about land use which in turn would be of assistance to the people 
on the land in making decisions for themselves. 
As I see it the function of land classification and in turn forest 
land classification is to determine the types of production, use and 
service that can be obtained from the land that will yield the highest 
social and economic benefits to the people dependent thereon. In per-
forming this function, the purpose or objective of land classification, 
and this is too often overlooked, is to sweep away the webs of ig-
norance, opportunism, expediency and self-interest so that the people 
on the land can see their situation in clear perspective and ponder-
able dimensions. in which circumstances they can be expected to 
'Chief, Forest Land Planning, U. S. Forest Service, U. S. Department of Agri-
culture. 
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judge and act more wisely than if the classification were not at-
tempted. 
To be sure, the inventory upon which land classification is based 
should be most complete. Know ledge of physical conditions, such as 
soil, climate. and cover; economic data, such as past and present land 
use, population shifts, taxation and financial aspects, etc., are very 
important. So is the analysis of these data-the development of meas-
ures of productivity and of growth potentialities, and their correla-
tion-the determination of the best indices of use in terms of income, 
standards of living, operating efficiency, symptoms of economic dis-
tress, and population composition-all this is quite desirable. But 
here again we may have to reason with a practical situation where 
the elements of time and money make it impossible to obtain all the 
data necessary for the perfect land classification. We may have to 
sacrifice the precise inventory for the best estimates and correlated 
physical and economic indices for good judgment. Our only excuse 
for this is that it is better to have met the objective in part than not 
at all. Furthermore, we are partially saved by a sketchy land classi-
fication because we are dealing with a resource subiect to relatively 
slow changes. Errors of judgment made now due to lack of adequate 
data can be corrected later. 
I am convinced that whatever constructive results have been 
derived from land classification as it affects forest lands can be 
attributed largely to timeliness, practical application and objectivity 
and not to particular techniques or methods of classification in them-
selves. The background and development of forest land classifica-
tion certainly attests this conviction. 
The national forest policy initiated by the Act of March 3, 1891 
authorizing the President to "set apart and reserve, in any state or 
territory having public land bearing forests, in any part of the pub-
lic lands wholly or in part covered with timber or undergrowth, 
whether of commercial value or not, as public reservations" set the 
objective and basic principles for classifying and segregating the 
forest lands in what was then 580,000,000 acres of open lands. This 
process was further clarified by the Act of June 4, 1897 which states 
that "no national forest shall be established except to protect and 
improve the forest within the reservation, or for the purpose of secur-
ing favorable conditions of waterflows, and to furnish a continuous 
supply of timber for the use and necessities of citizens of the United 
States." Under this authorization, by 1895, about 16,000,000 acres 
were classified and established in 17 forest reserves. By 1900, some 
41,000,000 acres were set aside in 39 forest reserves; by 1905, over 
76,000,000 acres in 83 reserves; by 1910, about 172,000,000 acres in 149 
reserves. In this process land classification performed a crude but 
important part in carrying out public land policy. Many of the first 
reserves were established without field examination but later trained 
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examiners surveyed all areas in the field, running a race, at the rate 
of a township a day, with various lumbermen and cattlemen, who 
were endeavoring to secure ownership and control of timber, water, 
and range. 
With the passage of the Forest Homestead Act of June 11, 1906, 
a new and more comprehensive forest land classification was found 
necessary. This law authorized and empowered the Secretary of 
Agriculture, upon application or otherwise to examine and list with 
the Department of the Interior for homestead entry in tracts not 
exceeding 160 acres in area and not more than one mile in length, 
lands in the national forests which in his opinion ar~ chiefly valuable 
for agriculture and not needed for public purposes, and the listing 
of which will not injure the national forest interests. Administra-
tion of this law placed a tremendous responsibility on the Forest 
Service to serve the needs of legitimate homesteaders and at the 
same time preserve the national forest system then being established. 
Due to the necessity for handling homestead applications in an in-
dividual and piecemeal manner, such a great amount of time and 
work was required on the part of forest officers that it detracted 
from the major job of national forest protection and administration. 
In order to reduce part of this burden, the Forest Service in 1909 
began a wholesale resurvey and examination of national forest 
boundaries that had previously been so hastily established with a 
view to eliminating those lands that might properly be suited to 
farming and adding those forest lands not before included, which 
properly could be considered of national forest character. This 
procedure met the situation only in part since there was still no de-
termination of the suitability or unsuitability of the great volume 
of national forest lands for farming purposes. The problem was 
systematically approached through the Act of August 10, 1912 (in 
connection with the Agricultural Appropriation Act) which provided 
that "the Secretary of AgricultUre is hereby directed and required to 
select, classify and segregate as soon as practicable all lands within 
the boundaries of the national forests that may be opened to settle-
ment and entry under the homestead laws applicable to the national 
forests." Congress appropriated money to carry the cost until most 
of the national forest lands were classified. This required about eight 
years. The procedure and a few simple though fundamental prin-
ciples were established by the Secretary of Agriculture to guide the 
classification. The actual work undertaken by the Forest Service in 
cooperation with the Bureau of Soils was certainly objective, It had 
to be done quickly and at a cost commensurate with the benefits to 
be derived. At the same time the resultant classification had to be 
sufficiently well founded in facts so that there would be no question 
which lands were chiefly suited for forest homesteads and could be 
eliminated from the National Forests, and which lands should re-
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main as national forest lands. While attention was first given to 
those areas which would most likely yield a considerable acreage of 
land suited to farming and that could be eliminated without detri-
ment to the national forests, the significant feature of the classifica-
tion was the recognition that the greater part of the national forests 
could be classified as unsuited for forest homesteads according to 
the simple criterion that one or more of the vital growth factors are 
absent. This resulted in establishing two classification operations. 
A preliminary or "extensive" classification was made on the basis 
of townships. covering those lands which quite apparently were not 
chiefly suited to farming. However, if any part of the lands covered 
in this preliminary classification presented characteristics sufficient 
to warrant serious consideration for farming purposes that area was 
left for more detailed study or "intensive" classification. This made 
it possible to classify all national forest lands at a cost less than half 
a cent per acre. although some of the "intensive" classification work 
cost as high as ten cents per acre. In terms of area involved, this 
land classification which was probably the first large scale land 
classification project undertaken and accomplished in detail in the 
United States, covered 175 million acres of land. It resulted in the 
segregation and listing of something over 20,000 separate tracts total-
ing about 2,500,000 acres believed to be valuable for forest-homestead 
purposes. Its chief weakness was its excessively liberal interpreta-
tion of existing and prospective facts , for of the acres listed for home-
stead entry, perhaps less than ten per cent have continued perma-
nently in farm use. Thousands of acres were never entered, or at 
least never patented; thousands of those patented merely became 
privately owned range headquarters for grazing permittees or sum-
mer home sites. 
It can be readily seen that land classific;:i.tion of a simple and 
elemental form played an important part in the segregation and 
establishment of national forests from the public lands. It was later 
used to help strengthen the national forests by systematically deter-
mining the lands that might be suited for forest homesteads and 
eliminated from the national forests. 
Forest land classification again helped to sl;lape public forest pol-
icy when with the passage of the Act of March 1, 1911, later amended 
by the Act of June 7, 1924, the Secretary of Agriculture was "author-
ized and directed to examine. locate, and recommend for purchase 
such forested cutover and denuded lands within the watersheds of 
navigable streams as in his judgment may be necessary to the regu-
lation of the flow of navigable streams or for the production of tim-
ber." No systematic survey and forest land Classification of the United 
States as a basis for national forest acquisition was attempted under 
this authority until 1934. In December 1934 as a result of a request 
by the President to the National Resources Board, the Forest Service 
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presented as a part of the report of the Land Planning Committee 
a plan for public forest acquisition. As a part of this plan a classifica-
tion of the forest lands of the United States was made showing pres-
ent and recommended use and ownership. This was an extensive 
classification involving little field work and generally limited to areas 
of a township in size where detailed field examinations were lacking. 
Here again, the classification was opportune and filled a real need. 
The resulting plan was prepared by forestry technicians and others 
from the best information then available and guided by a procedure 
and basic principles prescribed by the Chief of the Forest Service. A 
few months' time and a few thousand dollars to finance the project 
were the important limiting factors but there resulted the first defini-
tion as to specific location and character of land, a plan for public 
forest acquisition. Though inadequate in many ways the classification 
and resultant plan represented progress from previous estimates 
made in the so-called Capper report of 1928 and the Copeland report 
of i932. It was the ;first step toward developing a definite forest land 
plan or pattern for the . United States, viewing the place of privatE 
and public forest management as a whole. It represented progress 
over piecemeal project establishment and helped to guide the national 
forest acquisition program which expanded considerably with the 
present administration. A total of about 900,000,000 acres was cov-
ered by the classification. 
Previous to this, in 1930 the Forest Service was requested by the 
Chairman of a Committee appointed by the President to study and 
report on the conservation of the public domain, to present its 
recommendations. This report, classificat.ion and plan, the results 
of which were submitted to the President in January 1931, was pre-
pared by the Forest Service for the eleven far western states and 
covered a total of 317 ,000.000 acres. including 190,000,000 acres of un-
reserved public lands. The classification was made with a view to 
the disposition of the remaining unreserved public lands and was 
based largely on intimate knowledge of the condition of these lands 
by forest officers and others. The report and classification proved 
helpful by stressing the need for organized protection and manage-
ment of the remaining public lands. The material brought together 
in this report was widely used in the later report to the National 
Resources Board made by the Forest Service in 1934. 
As a result of the experience gained in preparing the forest land 
plan of 1934, the Forest Service in 1937 initiated the preparation of 
a long range plan for national forest acquisition using the 1934 plan 
as a basis. The purpose was to re-examine and re-define the 1934 
plan according to 1937 conditions of forest land use. In order to 
better fit the needs of an agency that must have its program pre-
pared over a period of years and in order to define priorities for 
action, areas recommended for national forest acquisition were classi-
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fied according to: (a) areas within which acquisition is in progress; (b) additional areas currently actionable; (c) areas definitely in pros-pect for action, and (d) areas tentatively earmarked for action. The degree of completeness or adequacy of the data upon which the classi-
cation was based was in direct proportion to the relative priority for 
action. This reduced the necessity of making a detaiied examination 
of areas that had only a remote chance of being established because 
of budgetary reasons. However, certain minimum requirements were 
made in order to prepare a budget or program of action. The data 
obtained by projects included acres to be acquired, cost of the land, possible rate of acquisition, estimated land improvement costs (for investment and operations), and estimated annual returns. This was based largely on past experience as well as the best information read-ily available to forest officers. The Forest Service maintains this plan 
currently, revised and improved from year to year. The land classi-fication involved takes its place as an integral part of the preparation 
of the national forest acquisition plan. 
All of the forest land classification discussed up to this point has had to do with broad questions of public policy relating to the 
segregation of national forests from the public domain, the admin-istration of the forest homestead act and the preparation of general plans for the future use and ownership of forest lands. Most all of 
this classification work has been done by technicians to meet the 
administrative needs of the Forest Service. From the standpoint of land management and incidentally, land classification, there has been 
a growing realization in recent years of the limitations of the tech-
nicians in determining the destiny of the people dependent upon 
the land. and recognition that the people themselves should have 
a more definite part in determining how publicly owned resources 
are to support them. With the large amount of forest land already in public ownership and the prospect that this will be increased, it is 
necessary that a planning and administrative technique be developed 
that will give the dependent population .a voice in forest policy mak-ing and the preparation of forest plans. Land classification is prob-
ably the simplest and most expressive method for establishing such 
a technique. I will describe two methods now in use in the Forest Service, developed and used by forest officers who must deal every day with people in national forest administration. 
The planning procedure used by C. E. Knutson, Supervisor of the Chippewa National Forest is already well known to many of you. First, a word about the Chippewa National Forest. It is located in 
north central Minnesota. It has a gross area of 1,300,000 acres, of 
which approximately 600,000 acres are Government-owned. The 
other lands are composed of intermingled private and state lands 
and Indian allotments. ·some 200,000 acres of the Government owned lands which were acquired in the period 1902 to 1923, largely by 
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transfer from the public domain, supports a good stand of second 
growth and some virgin timber. The remainder of the lands more 
recently acquired by purchase and exchange is fairly typical of the 
cutover region. Within the gross boundary of the national forest, 
there is a rural population estimated at 12,000. 
As a part of the process of directing the use of the national forest 
lands to meet the needs of the forest residents, Supervisor Knutson 
has followed an interesting and thoroughly democratic procedure, 
a part of which involves land classification. The long range objective 
was to obtain the adjustment of all the lands within the forest to 
their best use or uses and to translate these adjustments and land 
uses into permanent employment and stability for the local depend-
ent forest population. As one step in doing this Knutson propo~.ed 
that a classification be made jointly by the representative of the 
local people and the local forest officers. To begin, forest officers 
met with members of a Township Board, at which time all land in 
the township was classified as to its suitability for farming as a pari: 
of a stable community, or as to its best use as forest . As a part of 
the process of classification each quarter section or "forty" was dis-
cussed and all available information and knowledge about the con-
dition of the land and its situation in relation to the community 
was brought to bear in reaching a decision on its best use. The Town-
ship Board members generally were thoroughly familiar with most 
of the land. Wheri approached by the Forest Service for help to 
determine the future use of these lands there was almost immediate 
recognition of the need for a classification as the simplest method for 
recording their decisions and to guide future action in meeting town-
ship problems such as social instability, to raise revenue for town 
needs and to insure the general well-being of the community. In 
classifying each tract of land the Township Board made the final 
decision about present and potential land use. The Board's recom-
mendations were then correlated by the Forest Service with all avail-
able data on soils, forest resources, land ownership and occupancy 
and the present use of lands for recreation, wildlife, timber, farming, 
etc. A series of maps were prepared for the township to show this 
information, and a correlation was made with the recommendations 
of the Township Board. The results were quite illuminating, for in 
very few instances was there a divergence from the Board's classifica-
tion. After this correlation was made a classification map was pre-
pared based on the Board's recommendations indicating the areas 
recommended for various forest uses or combination of forest uses 
Another important feature of this planning process was that by 
mutual agreement between the Township Board and the Forest 
Service, there was delineated a community boundary or zone of in-
fluence. Within this area it was agreed by the Forest Service that 
the utilization of all the forest resources would be directed toward 
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stabilizing the community by making these resources available for 
use by local people in preference to outsiders or other communities. 
This process, of which classification is an important part, has worked 
most effectively and has resulted in many needed adjustments in land 
use, all worked out in a democratic manner by the Forest Service in 
cooperation with local people. 
Another method of forest land classification has been developed 
by M. H. Wolff and H. H. Gurley for use in the administration of 
national forests in Montana and northern Idaho (Region 1 of the 
Forest Service). 
The national forests in this region differ from the Chippewa 
National Forest and other national forests in eastern United States 
in that there is generally no resident population. While the relation-
ship of the forest to the local people and to the community is just 
as important, these relationships are not so apparent to the dependent 
population. The classification is essentially a presentation of the ulti-
mate use objectives of national forest .administration. It represents 
a unique attempt to portray in a systematic fashion the various uses 
that it is proposed ultimately should be obtained from the national 
forest lands. The classification itself represents a graphic portrayal 
of the application of multiple land use, recognizing that from a given 
area of forest land. timber can be cut, some forage may be taken for 
domestic animals. and more for game animals, some recreational 
opportunity may be derived, some usable water resources may be 
obtained. and use of soils may be kept stable and in maximum con-
dition to absorb precipitation and still maintain the basic forest re-
sources without seriously disturbing the natural biological balance. 
Classification is made by the local ranger or forest supervisor. 
In preparing the classification the forest officer endeavors to bring 
to bear his knowledge of all uses and potentialities in the lands under 
his administration at one and the same time. and to express this in 
the form of a ma{) that will portray all planned or ultimate uses 
in relation to each other. Particular use classifications are shown 
by vari-colored stripes, each stripe accentuated according to its 
recommended ultimate position as a predominant, codominant, sec-
ondary, or subordinate use. The classification represents an expres-
sion of the best knowledge that can be brought to bear in setting 
forth the use objectives for national forest administration. An ulti-
mate use pattern is thereby established within which various tech-
nical forest management plans can be developed. The effectiveness 
of this classification has been demonstrated already by its use in the 
day to day administration of the national forests. 
It may appear that forest · land classification procedures and 
methods have been described in this paper almost entirely from the 
standpoint of public forest administration. However, this is a most 
important consideration in view of the fact that of the 630,000,000 
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acres of forest land in the United States, approximately 225,000,000 
acres are already in public ownership. Furthermore, according to 
estimates by the Forest Service over 350,000,000 acres of forest land 
ultimately should be publicly owned. The problem of determining 
and guiding public forest policies towards insuring the future wel-
fare of the people dependent on the forests makes it apparent that 
as a part of democratic planning, forest land classification will play 
a vital part. This becomes more significant upon realization that ex-
tension of public forest ownership will most likely occur in exploited 
forest areas such as the Appalachians, Ozarks, various sections of 
the Piedmont, deep South, Northern Lakes States. and areas in the 
West. 
From the standpoint of the forest lands in private ownership 
there is still an important place for land classification, particularly 
in relation to the use of forest lands that are parts of farm:;;. The 
decisions of the early settlers which resulted in clearing a portion 
of the farms and leaving the rest in forest have resulted today in 
a patchwork pattern of woodlands as a part of farms. Rather than 
viewing these woodlands as waste or surplus parts of the farms, there 
is need today for a decision to be made by farmers that this wood-
land part of the farm should be definitely established, protected, and 
managed as a forest-as an integral part of the whole farm operation. 
Land classificat.ion is needed when this decision is made. The sig-
nificance of the need for such a decision by farmers could be brought 
to their attention by emphasizing in terms laymen can understand 
that woodland management or forest husbandry is quite similar to 
livestock husbandry which tells the farmer to select the steers for 
butchering and save the heifers. Forest husbandry requires the will-
ingness and ability to decide which trees are the mature ones and 
may be cut and which are the thrifty ones that can be left to grow. 
Timber cutting is still dominated with the idea of taking from a 
given piece of woods anything that can be marketed or used for a 
given purpose or purposes. Under this practice mature and thrifty 
trees alike are chopped down in some areas while in others mature 
and over-crowded trees are left to rot and die in the woods. Add to 
this the losses due to forest fires, over-grazing, disease, etc., and the 
consequences of misuse and neglect can be well appreciated. These 
are all the things farmers and private forest operators must' under-
stand before land classification will be of practical benefit to them. 
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DISCUSSION 
RICHARD U. HARMON1 
Mr. Camp has presented the history of classification in the Forest 
Service and a few examples of procedure now in effect on two 
different Forests. Mr. Camp has dealt with the broader national pro-
gram. I must confine my discussion largely to the problems of the 
North Central Region. 
The Act of March 3, 1891. had very little bearin15 on classification 
in this Region. Approximately 1,500,000 acres of national public 
domain lands were established as National Forests in these entire 
nine states. There were two small areas in Michigan and the Superior 
and Chippewa Forests in Minnesota. These areas were largely the 
cull public domain. There was poor timber cover and the soils were 
sandy or very rocky. Through a process of elimination, the timber 
operator and the homesteader had considered these areas unworthy 
of their attention. The areas were quite obviously non-agricultural 
in composition. Their judgment was correct, and these lands, the 
nucleus of National Forests east c;J the Mississippi, are still considered 
as having no agricultural value. 
These areas remained intact until 1927, when the first extensions 
were made under the Act of June 7, 1924. The gross area of the 
National Forests has increased from approximately 1,500,000 acres 
in 1910 to 20.145,401 acres to date. This is not all Government land, 
since nearly 11,000,000 acres are still privately owned but available 
for purchase. This expansion was not made without some thought 
and consideration. It was necessary for states to pass enabling laws 
permitting the purchase of land by the Federal Government. In turn, 
townships and counties carefully considered the creation of the 
Forests and it can be safely assumed that they selected the sub-
marginal areas which were available for this purpose. Townships 
and counties broadly classified their lands and decided that certain 
areas had ·no value for agriculture; therefore, such tracts must have 
some value for timber production. This was naturally a broad classi-
fication and, since large areas were involved, it was obvious that 
some productive wild land, as well as improved fa.rm land, was in-
cluded besides the cutover, burned, abandoned farm land and land 
which was even submarginal for timber production. 
Once a forest purchase unit was established, the Forest Service 
examined the lands and started purchasing from counties, states and 
private owners. The funds available for this purpose were made 
available each year through Congressional appropriations. These ap-
propriations varied in amounts year by year. Basically, these funds 
JAssistant Regional Forester, U. S. Forest Service, Region 9, Milwaukee, Wisconsin. 
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were appropriated to buy land for timber production and watershed 
protection. Since small amounts were made available. such funds 
were spread rather thinly over the country as a whole. It naturally 
followed that the largest possible acreage was acquired with money 
available. The acquiring of high-priced agricultural land or· highly 
valued recreational land was an impossibility. with the result that 
very little land which the owners felt might have future specialized 
value for any purpose. was offered for sale. Occasionally, some very 
good agricultural soil, some lake frontage, and even some improved 
farm lands were acquired in large land transactions. or in the settling 
of large estates. In general. however, we purchased distress lands. 
One cannot say that this method of creating Forest areas was wrong 
and yet. one can only say that broad classification resulted, with such 
tools as were available at the time. 
Classifying land · in this Region for timber production has not 
been diffic.ult to date. It generally results in the Forester taking 
what no one else wants. This is not a sound policy. Some good land 
is needed for timber production if we are to be independent as a 
nation for our timber requirements~ Like some agricultural crops, 
some tree species grow on good soil and some on poor. If only poor 
lands go into timber production, we are quite apt to suddenly dis-
cover that some of our most valuable tree species are no longer being 
produced. 
Prior to 1932. classification of land in the North Central Region 
the public domain had never been settled. The purchase of land 
was confined to the three Lake States and seldom was improved prop-
erty or land supporting people acquired. If families were living on 
the land. they moved elsewhere when the Government purchased 
the tract. When the Forest Service began its expanded program, 
revised it~ boundaries. ·and started buying lands in Ohio, Indiana, 
Illinois and Missouri. it was discovered that if people were living on 
the land. they did not move when title passed to the Government. 
They had no place to move. Sound land classification indicated non-
agricultural use in most cases. It was then that the administrative 
problem became acute. Our classification problem remained the same, 
but what good does it do us to classify land for timber production 
when people require even this low producing land in order to eke 
out a meager existence? Our classification scheme then became inter-
mingled with the human element and the use for which. at least for 
the moment. the land was required. 
Broad classification in the northern part of the Region. or the 
Lake States. where the human element is a very small problem, gives 
us some concern, but the Central States, with its heavy population 
living within the area, represents a very complex situation. It has 
been apparent to us that for the time being, at least, every acre of 
land capable of supporting cultivated crops in this section must be 
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used for this purpose irrespective of ultimate use. The progress that 
we have made in soil classification and the final obiective of sound 
land use planning has been pitifully small. The lack of accurate soil 
maps in some states. personnel overloaded with other must jobs, 
small acreage of Federal lands, few specialists or enthusiasts to '€n-
courage work of this description, and indifference on the part of 
local people. have been contributing factors in retarding work along 
this line. The whole problem is complex and it has been made more 
so by the promiscuous use of terminology. We are prone to talk of 
soil classification. land classification and land use planning all in 
the same breath. We discuss the human element. the present and 
future use of the land. location of schools, roads, churches, distance 
from markets. wild life. recreation and every other factor under the 
sun that might be affected in the classification and use program. It 
is little wonder that fi~ld men set the job aside for a rainy day. Some 
of our men have endeavored to honestly work out certain problem 
areas. In a few cases. they have met with a measure of success but 
invariably, 'they have encountered obstacles. They would classify the 
soil and define the use. They would then discover there was no zoning 
law; or that the Forest Service did not have the authority or funds 
to solve the existing use problem. Quite frequently, other agencies 
have been appealed to and help secured. Generally, the other agen-
cies in turn were short-handed, without funds and in some cases, 
without legal authority to help. 
The immediate preparation of land management plans for the 
National Forests seems out of the question. Various steps towards 
accomplishing the ultimate objective, however; can be made. We 
must first prepare a glossary of terms used in this important work. 
The next important job is detailed soil maps of the Forests prepared 
by concentrating on special problem areas first. We must then get 
each Supervisor and Ranger interested in working out the final plan 
on a small sample area. The objective, of course. should be to convert 
as rapidly as possible improper use of land to its proper use. We 
must recognize and accept improper use in some places until people 
can be moved or provided with other means of income, so that the 
process of abuse of the land can be revised. The Forest Service has 
neither the funds nor the authority to work out these problems afone. 
It will be necessary for all agencies to work together irrespective of 
area jurisdiction if national and regional objectives are to be attained. 
Not all land acquired for National Forest purposes should be 
allocated to producing timber. Certain areas are more valuable for 
grazing and wild life where the growth of timber is incompatible 
with the higher use. The intensity of the production will vary in 
many places due to multiple use of the land. Because of accessibility, 
certain areas can be managed very intensively. Other areas, either 
}Jecause of inaccessibility or poor producing quality of the soil, will 
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be handled very extensively. Lands to be handled intensively will be 
further classified by their adaptability to produce certain species of 
tree growth. · 
In over all planning, a much broader viewpoint should be taken. 
If agriculture could tell the foresters what land is best adapted for 
certain types of agriculture and could then tell us when it will be 
needed. the job of forest expansion by communities, counties. states 
and the Federal Government would simplify itself. Unquestionably, 
more time and effort is being expended on poor forest soil than is 
justified. There are areas of better soil not needed for agriculture 
which will produce better timber, and this soil should have the high-
est priority in the development program. The county planning pro-
grams now under way should go a long way in providing much 
needed basic information for future planning. 
· DISCUSSION 
D. M. MATTHEWS1 
Certain statements made by Mr. Camp at the beginning of his 
address are to my mind worth emphasizing, I quote: "That land 
classification is only a part of the planning process is not in my 
opinion fully appreciated. Many present-day technicians in their zeal 
to obtain adequate basic data and to perfect techniques for land 
classification have forgotten the object of the classification. A volume 
of factual information may be overwhelming; it may be critically 
analyzed and the resultant classification most exacting, but in prac-
tical application as it affects the people on the land. it may have de-
cidedly negative results. The whole process if confined to technical 
considerations only, may glorify the classifier in his own select group 
of technicians but have no practical application." As a man at least 
as much interested in the execution of a plan as in its drafting, the 
above statemehts strike me as exceedingly significant. This is, in-
deed. an age of planning, but I think we sometimes overlook the fact 
that the best basis for a plan is the record of a successful enterprise 
where the objectives are similar to those of the plans we may be 
drafting. 
Mr. Camp has traced the development of forest l~nd classifica-
tion in this country and has definitely indicated that the time is at 
hand when the factual information available must be assembled into 
effective instruments for the shaping of public and private policy in 
1Professor of Forest Management, University of Michigan, Ann Arbor, Michigan. 
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the management of forest resources. He has rightly been chiefly 
interested in the utilization of the data which has been assembled 
as the basis for national forest policy and procedures. He has inti- · 
mated, however, that from the standpoint of forest lands in private 
ownership there is still an important place for land classificatio:q.. 
Years ago Fernow defined forest manage.ment as including "all that 
goes toward making the technical art of forest production successful 
as a business, selecting (choosing) the practical means and measures 
for realizing the object of crop production, namely, continuous rev-
enue." Land classification in terms of business opportunity is one 
of these measures and I should like to emphasize its importance. 
In forest use there are great variations in the influence of such 
factors as site, location, kind and quality of forest growth, organiza-
tion of utilization and innumerable other elements. Commercial for-
estry must begin where a combination of all factors meet at an 
optimum point. Feasibility is determined by the competition of 
wood grown under management at the optimum point with wood 
that grows· naturally in unmanaged forests. Numerous alternatives 
enter into this determination. All of them are not wholly economic 
although they have economic significance. 
In the United States a number of such optimum situations have 
now developed. Hesitatingly, perhaps, business men have recognized 
them and are taking advantage of them. Now from these focal cen-
ters commercial forestry is spreading as rapidly as conditions permit. 
A thoroughly logical and sound expansion of forest management 
is on the verge of development. In fact, it has · been resting upon 
the verge for at least two· decades, awaiting the necessary coopera-
tion of public agencies. 
It is probable that the current' average growth on the stocked 
forest lands of the country which are classified as being commercial 
possibilities does not exceed 150 board feet per acre per year. This 
does not constitute the basis of an attractive business opportunity, 
but the potential growth rate that can be secured by proper manage-
ment on the better portions of these lands is entirely sufficient, 
particularly so in the case of products which do not require a long 
rotation. 
European forest practice, which has had a profound effect upon 
American thinking in forest management, indicates that rotations 
to supply the average over-all requirements of wood use cannot be 
less than 60 to 70 years with the volume return on maintained grow-
ing stock about 3 per cent. It has, therefore, been assumed that 
forestry could never pay even 3 per cent on the investment because 
this 3 per cent volume yield must carry the costs of management. 
This assumption has ignored two important possibilities which exist 
in the United States to a greater extent than in Europe: The pos-
sibility of confining the production of commercial requirements of 
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wood to areas where growth rates are much higher than they are in 
Europe; and the possibility offered by advances in the field of pro-
duction, and particularly in the field of conversion, to raise the 
average unit value of the crop considerably above the average unit 
value of the investment in growing stock which supports the crop. 
That the forest owner will see to develop these possibilities to 
the full is inevitable. Whether he should be satisfied with 3 per 
cent or less on his investment is beside the point; eventually he will 
exert every effort to make more than that and he should be encour-
aged to do so. Regardless of this, however, the immediate point is 
that a chance for a positive return exists. In cases where forest man-
agement and use are integrated, this means that under proper con-
ditions expenditure of funds in forest management is competitively 
safe. 
In any calculation of the economic possibilities for forestry, 
at least the variables representing costs and yields, both related 
to time, are important. The unique factor in forestry is, of course, 
the time element. Time is required for growth to accrue. Costs 
running through the same time period, however, are subject to heavy 
interest accumulations. An important aim of forest management at 
the beginning is, therefore, to crowd as much growth as possible into 
the shortest possible time. Here, the type of produce has great 
influence, for product requirements may demand prolonged growth 
which even at accelerated rates involves more time. The products 
which are the least exacting in size and quality standards offer the 
most rapid turnover. 
Associated with this is the further advantage arising from inte-
gration of forest production and utilization. In such cases the land 
and product use concepts are merged under a single business man-
agement, and commercial significance of land use. becomes greatly 
changed. In practice there is a growing tendency on the part of 
industrial owners to consider forestry costs as an integral part of 
the over-all costs of production and as such they are set up against 
over-all income in the year in which they are incurred. This method 
of accounting is realistic, and it largely eliminates the interest item 
either as a cost or as an element of return. 
Another advantage in industrial forestry-commercial forestry 
in which land and product utilization is integrated-lies · in the fact 
that perpetuation of conversion is usually much more important than 
profit realization from forestry practices. The chief criterion is the 
competitive cost of wood delivered at the conversion plant, in which 
competition is defined in terms of the time required to amortize 
investment in plant. In this· situation investment and the ratio of 
wood cost to the total cost of the converted product exert powerful 
:q:i_fluences. They vary widely beween industries and between dif-
ferent types of business organization within the same industry. 
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These and other practical adaptations of classical forestry con-
cepts have grown out of the consideration which business men have 
given to the integration of forestry and conversion. They recognize 
that adequate wood supply back of any conversion plant is economic-
ally essential. They also recognize the impossibility of providing a 
sufficient backlog from existing mature timber, and the tremendous 
costs involved even were it possible. Business men generally recog-
nize that investment in a growing, regulated forest is much lower 
than in a mature forest and that investment in facilities for logging 
may also be less. 
These are but a part of the significant contributions to forest 
management that have arisen from the business man's interest in 
it as a commercial venture and as an integral part of the going busi-
ness of realizing the utilities from the forest. The opportunity which 
is being developed is amply illustrated by the application of forest 
management at the optimum points. If commercial forestry has 
become feasible at these points under conditions of decreasing stump-
age price trends, certainly the opportunity will become much greater 
if and when those trends are reversed. 
Undoubtedly, a considerable proportion of the total forest land 
of the country cannot be expected to produce at a rate greater than 
the current average of 100 to 150 board feet per acre per year. To 
the extent that this class of land can be made to contribute to the 
nation's wood requirements while, at the same time, providing the 
forest cover necessary to watershed services, recreational values, 
game preservation and the other indirect public values attaching 
to forests, to that extent will more intensive management of these 
lands be justified. Nevertheless, it seems evident that, as industry 
assumes responsibilities in timber production, greater forest product 
values will be created from smaller areas of producing lands. Total 
available supplies of material will, very likely, be augmented by the 
extensive management applied to large areas of low productive 
capacity where the objectives of management will be primarily the 
maintenance of forest cover rather than the production of com-
mercial supplies. The major problem of the future may, perhaps, 
be less that of conserving supplies than of finding an outlet for the 
supplies which will necessarily be pressing upon the market. 
In closing, may I present a plea for the extension of forest land 
classification activities toward a more detailed breakdown of the 
areas at present considered suitable to support commercial forest 
practice. I take it that no one here wants to see all the forest land 
of the country gravitate to public ownership. Any such desire must 
be predicated upon the belief that the profit motive must be definitely 
thrown over the side as being a motive which cannot lead to the wise 
handling of a resource such as is represented by our forests and 
forest lands. However, unless a real attempt is made to maintain 
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productive forest enterprise upon those areas which will support it, 
no other recourse is open to us. The classification, therefore, of land 
and the growing stock now in existence in terms of its industrial 
opportunities is perhaps more essential than any other form of 
classification. It has been said that the industries which have utilized 
the forest resources of the country in the past have wasted a public 
heritage. Within a very narrow definition of the term "wasted" this 
is perhaps true, but we have today, in my opinion, adequate stands 
of growing timber on land which for the most part is suitable for 
the production of nothing else but timber to support a forest industry 
as a permanent part of the economic strcture of the country. How-
ever, unless definite plans are made for the use of these resources in 
such a manner as to both perpetuate them and permit industry that 
necessary margin between cost and returns that keeps it in existence, 
we may yet be driven to more widespread Government ownership 
or to such strict control of private operation that it amounts to con-
fiscation of private property. I believe that an attempt to classify 
lands and the forests upon them in terms of real business opportunity 
CLASSIFICATION OF GRAZING LAND FOR ITS FUTURE USE 
AND MANAGEMENT 
R. H. RUTLEDGE' 
. 
The relative position of this discussion in a carefully prepared 
program gives it neither of the ordinary prerogatives of the dealer 
in a card game-to bid first or to bid last. The thought of being the 
dealer arises from the general presence or possibility of grazing on 
nearly all the ]ands under consideration at this session. Grazing in 
the western States is almost as widespread as soil itself Where soil 
is absent. forage is absent. The maintenance of the soil is the first 
requisite for a stable livestock industry. 
Grazing habits were common to many of the animals of geological 
ages. Our present vegetation has developed in the face of use. It 
has many characteristics which indicate that nature has provided it, 
through unmeasured time, with rejuvenating and protective attributes 
to prepare for the duty of maintaining animal life. Grazing of do-
mesticated animals under the hand of man is reported from the 
earliest dawn of our civilization. We are not yet advised whether 
domestication of livestock preceded or followed the first steps in 
will obviate any such necessity. 
'Director of Grazing, U. S. Department of the Interior. 
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sowing and reaping. There was competition between the homesteader 
and the stockman as early as Cain and Abel. The stockman has been 
on the defensive ever since. 
Had we accumulated lore of shepherds and riders after cattle 
from the earliest times to the present, we would have a library, the 
housing of which would be a burden. As it is, the kind of grazing 
that I represent has hardly broken into print. I feel honored to rep-
resent at this gathering an industry so old and so new of study, 
and so new in the concern of the Nation . . Grazing sustains an indus-
try which provides the chief use of more than half the lands in 
continental United States. 
Grazing land is found in such varieties of form that it is nec-
essary here to exclude areas which are the basis of other discussions 
at this meeting. Let us first distinguish between "range" :;i.nd "pas-
ture" to limit the field. Pastures may be described as areas of grazing 
use of limited extent, controlled use and proximity to headquarters. 
The Agricultural Adjustment Administration has introduced an idea 
of quality into the term "pasture" by including only areas which 
will properly maintain an average cow or more per acre for thirty 
days-as the technician states it, "An AUM or more per acre per 
annum." This is arbitrary but it is useful. This limitation of range 
or, as described in the subject of my remarks "Grazing Land," ex-
cludes the bulk of lands which may be crop lands or pasture at the 
will of the operator. On the other hand, we will not discuss desert 
areas that produce so little forage that an industry may hardly be 
maintained upon them. 
This gives an opportunity to define "range" as areas within cer-
tain limits of average forage production which are available to ani-
mals grazing at large, under such control as their owners or the 
landlords prescribe or provide. Range has another connotation. As 
other uses have been segregated, a residual quality is intimated. 
"Range" grazing lands, therefore, are areas where other forms of 
land husbandry are less suitable. Grazing lands have many joint 
uses which may be highly important. Grazing may aid such uses 
or hinder them at a minimum. Grazing land may be shaded and 
protected by trees or cover deposits of oil, coal, or other treasures. 
It requires a tremendous amount of classification to establish 
which are the grazing lands of a nation. Their great extent deter-
mines the size of the tas~. b_ut the principle can be found in a small 
area . 
. Good farming usage is leading more and more to a program of a 
pasture as part of even small farms. Such a plot, given over to graz-
ing, may be (1) an area self-chosen as a rougher, rockier portion 
which may also be the woodlot of the farm; (2) one or more areas 
where the advantageous use and protection of the land calls for 
grass rather than the plow; or (3) a pasture which the farmer's form 
of operation may require. 
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For similar reasons the nation needs its untilled lands. Rough, 
dry watersheds are forbidden to the plow. Many areas which give 
us much concern have been plowed and neither the land nor the 
operator has prospered. The neighboring lands have been adversely 
affected and a disillusioned people have become a national concern. 
We have no excess of meat, as lamb chops and beefsteak may appear 
on more dining tables. We import no small part of our wool, hide, and 
goatskin supply. The operation of the United States as a giant farm 
may well tend toward more livestock and less of certain tilled crops. 
Use of lands may change without a change of classification. The 
Grazing Service is teaching that some less choice, irrigated pastures 
may better be used in their growing season than maintained as 
haylands. In this way balance may be brought into operations which 
at one time depended upon public lands for summer grass. 
In recent years we have made many land classifications which 
distinguish grazing lands. An example is the Federal purchase of 
sub-marginal lands by the Resettlement Administration. These lands 
have been tried as farm lands and found wanting. 
We foresee a demand for planting these areas again as grain 
prices advance. Their replowing would start a new cycle of miSuse 
which would unstabilize both the cereal and meat industries and be 
a backward step in the broad program of conservation. 
Changes in the results of classifications should normally follow 
only the slow advance of experimentation in use and scientific re-
search. 
Our western States contain a billion acres whose highest im-
mediate uses are to gather and dispense such moisture as falls upon 
them and to furnish beef, lamb, wool, and game for the Nation. They 
now produce per acre, more cattle and sheep than the balance of the 
lands of the United States. The amount and protection of this value 
to the Nation is the chief concern of the classification on grazing 
lands. There are many kinds and qualities of grazing lands which 
may best be distinguished by examination. Such an examination 
will also show what areas should be put to other purposes, including 
wildlife and recreation; what areas should receive little or no grazing; 
and what other uses s.hould accompany grazing to gain proper land 
use. 
In the classification of grazing lands we receive basic informa-
tion from two sources: 
First, practical information and principles of livestock manage-
ment established by an industry which is 80 y ears old in most of the 
West and 400 years old in the Southwest. This infromation may be 
obtained from livestock owners and from cowboys and sheepherders 
who are in daily contact with livestock and the range. 
Ran.e-e livestock move from valley in winter to mountain in 
summer with even ,!?Teater freedom than wildlife, as they are not 
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lim:i.ted in their movements by elements of fear. Livestock move with 
developing forage, with threatening snows, and with completed use 
of various areas. We have a direct lesson from those movements 
and from the men who design them. These men have devoted their 
lives and risked their assets in discovering such forms of range use. 
Livestock operations which have been carried on by conscienti-
ous operators, fortunate enough to be only slightly disturbed by faulty 
land patterns, trespassing by other livestock, financial stumbling 
blocks, et cetera, are a good lesson for the student of the range. The 
best and often the most lucrative operations are based on high prin-
ciples of conservation of natural resources, joined with careful and 
skillful handling of livestock and equipment. Experience of compe-
tent and observant administrators of range and the counsel of 
advisers from the livestock industry also form an important accumu-
lation of facts and principles of range and its use. 
Second, the sudden responsibility of managing range areas and 
the vast extent of such lands necessitated a formal system of range 
examination. Mr. James T. Jardine, formerly with the Forestry 
Service and now in charge of Experimental Stations and Research 
for the Department of Agriculture, introduced a method of inven-
torying forage resources. J ardine's original conception was of a 
method to assess relative carrying capacity and plan good use. He 
proceeded almost immediately to the estimation of positive grazing 
values. Examinations of range have been carried on since 1910 under 
a variety of names, of which grazing reconnaissance was most com-
mon, and were later dignified by the name "Range Surveys." It is 
only in western United States that inventories of vegetation are used 
in planning range management. The Federal Government initiated 
this form of land classification. We are glad to see it spreading to 
State and other land-managing bodies. 
There are two elements in range surveys: First, the examination 
of private lands associated with public range, and, second, the exami-
nation of the public range itself. The program for future use and 
management of our range areas must be very carefully arranged to 
allow for the proper intertise of the varieties of areas in kincl and 
control which make up our western States. Many farmers and hay 
ranchers have little other opportunity to use their highly developed 
irrigated lands. 
There is a very natural relationship between croplands and 
grazing lands. In areas where winters are severe, most of the Hve .. 
stock are gathered and fed during the winter season. Mountains 
furnish feed for a certain season and livestock require other ho;roe$ 
for the balance of the year. Much of the foothill and lower ranges 
are best used only during certain seasons of the yea:r. A computation. 
has been made as to the use of the grazing district area.$ of eastern 
Oregon, and even now, while the range is under adjustment toward 
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its proper use, the average animal uses the desert public lands only 
3-6110 months out of the 12 months of the year. For a longer period 
it is on private land. 
The program of examination of large tracts of mountain, foothill, 
or desert lands calls for work by specially organized and equipped 
field crews. The examiners must _camp in numerous places on range 
areas to be in positions to see the areas. They require guidance of 
the highest type. 
In an examination of an area of range, the following data are 
sought: 
(1) Land Form, with accent on features which are significant to 
grazing. For example: drainage and water, mountains, im-
passable areas, et cetera. 
(2) Vegetation-its location, amount, and condition. 
(3) Culture, especially grazing facilities. 
( 4) Generalized soil types and the extent and activity of soil 
erosion. 
(5) Grazing Use-its present form and degree. 
(6) Wildlife, both game and destructive elements. 
(7) Other significant data; for example, data which will lead 
to partitioning of the range into areas of similar use and 
community of interest among operators. 
(8) Proposed Use, as regards numbers and class of stock to be 
grazed, the season and conditions of use. 
(9) Proposed Facilities and Operations to effect good husbandry 
on the areas. 
The basis of management of large areas is necessarily by maps. 
The map situation governs the kind of surveys to be made. If it is 
necessary, as is commonly the case, to make maps, there are three 
kinds of surveys which will effect that end: First-Gridiron Surveys; 
Second-Resection Surveys; Third-Traverse Surveys. 
T}J.e intensity of the survey is determined in advance, after con-
sideratiop. of the quality of the range and the complications of the 
gra.zing situ,ationi; involved. Areas of higher grazing capacity deserve 
more interise examination. A good rule is to devote equal time to 
~qual agg:regates of forage. Areas of relatively low carrying capacity 
may be· examined more rapidly, but, if mapping of topography and 
culture is part of t4e survey, less valuable areas may require equal 
or more time and attentiop.. 
W4ere good ma.ps or aerial photographs are available, standard 
procedure i$ to make RanQ.om Surveys. The examiner locates himself 
on his map by topography o:r cultural features or on an aerial photo 
by objects on the ground which he may distinguish on the p4otos. 
He moveii over the area, locating himself on the map or photo, and 
makes his grazing notations directly on one or the other. 
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Vegetation is mapped and described. Its nature is determined 
and amounts assessed by units of ar.ea called Grazing Types or Sub-
types. Each type is distinguished by a designation which portrays 
the primary species which make up the local vegetation. Nineteen 
standard types, such as Grassland, Creosote Bush, and Woodland, 
have thus far been mutually agreed upon by Governmental agencies. 
The Grazing Service uses three types in the arboreal deserts of the 
Southwest which thus far have not been needed by other land-
management agencies. Items of information concerning the range 
are shown on maps and on description forms where spaces are pro-
vided to encourage the examiner to note a variety of required in-
formation. He has nothing else to interest him enroute, except the 
hope of a good supper. 
The range forage is estimated by processes and formulae which 
arrive at an estimated acreage of available, complete, and wholly 
acceptable vegetation. The unit for the expression of this conception 
is the forage acre. The basic formulae are: 
Density x composition x palatability = forage factor. 
Forage factor x area in acres = forage acres. 
Field methods and processes are described in detail in "Inter-agency 
Instructions for Range Surveys" of April 24, 1937. 
Surveys of controlled areas where the kind and the amount of 
use are known and proper, show the relationship between forage 
acres and carrying capacity. This relationship is the forage acre 
requir~ment. The Jardine method of inventorying range is based 
on actual, proper use of range areas. 
We have had, then one basic method of establishing carrying 
capacity. It is the result of trial and error which has produced 
proper use. What is learned in those areas is extended to areas of 
unknown use by similar surveys of adjacent and similar areas. If 
similar surveys are made, in ever-widening circles, the forage acre 
requirements may be established for large areas, various vegetative 
types, and even widely extended life zones. 
Where there is great movement of livestock, and where few if 
any areas may be found of unknown and proper use, we are forced 
to a second approach to carrying capacity. For this method we are 
dependent upon the same kind of judgment that is used by stockmen 
in establishing the amount of use which may still be taken from an 
area and the amount of excess use which is being or has been made. 
The stockmen are guided by life-long observations and experimenta- . 
tions with livestock and range. They have been accused of being 
agents of destruction. Their contribution to our knowledge of range 
has been overlooked on this account. 
There was no one who could or did teach a lesson similar to 
what the dairyman now knows of the relation of feed consumed to 
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milk produced. Had the stockman known the situation, only in 
certain circumstances could he have effected correct use. Some stock-
men's errors of past management of ranges may be roughly classified 
as follows: 
Unwiiting.-The stockmen came from localities of more rain 
and expected vegetation to react to use as it does in eastern States. 
The error was no greater than that of certain farmers who were 
encouraged by the agricultural experts of their day. 
Unheeding.-The range livestock business was a gamble. When 
the stakes were life savings and livelihood, the considerations of 
vegetative resources on a long time basis naturally occupied a minor 
position in livestock affairs. 
Uncontrollable.-The livestock operator was often not in control 
of (1) the lands on which he ran, (2) the actual livestock which he 
owned or managed, or (3) the number of livestock which he kept 
or put on sale. Law makers, local authorities, his neighbors, and his 
bankers may not have been conservationists. The future was in 
other than his hands. What stockmen thought in the evenings under 
the stars or around the fire in winter is unfortunately not in writing. 
Let me give you one example from the experience of a stockman 
who is now a member of the Grazing Service: This fellow had 
selected his winter range for three bands of sheep after the hard 
winter of 1918. When the heavy snows of 1932 covered neighboring 
ranges on the north, he was host to 29 other bands of sheep escaping 
death in the snow. He spent the winter asking his neighbors to move 
along and leave a bite of grass for his stock. 
At a certain point in the current use of range, the situation is 
correct from all viewpoints. This may be called "proper use." With 
more use it is advisable to discontinue grazing for the good of both 
livestock and range. A third situation is where it becomes necessary 
to move livestock for the sake of the livestock. Beyond this point, 
further use is abuse or destruction. 
These and other degrees of use are common on the range. Many 
livestock operators who have control of both land and livestock make 
a habit of using the range in the second manner on the doubtful 
basis that waste of forage is avoided without damage to it. Where 
range is used competitively by a number of stockman, each tries to 
show his neighbor that there is no forage for the other's stock. By 
overuse each tries to push the other's livestock out of the area. The 
third condition is the common result. 
Conditions of current under and over use have been formulated 
durin.e: the past year into a system for judging degrees of current 
use. Careful examination is made of many typkal, sample areas. A 
weighted general average can thus be made for large areas. For 
certain portions or for all of a range, the gross actual use may be 
quite accurately known. If. then, we compare the actual count of 
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numbers and time on the range with the degree of under or over use, 
we may arrive at a carrying capacity by a second method. 
When there is overuse, two things occur: Plants . are grazed in 
excess of the anticipated use and are deprived of their normal oppor-
tunity of growth and reproduction; the second is cumulative elements 
of abuse which intensify the effect of overuse. It is not now known 
how much this element increases the factor of overuse. The effect is 
least when grazing follows the growing season and greatest when 
new growth is grazed. On the basis of effect on one season's pro-
duction, it may be considered within the limit of error, which will 
later be discussed. For the time being, we may say that the corrective 
factor, to adjust actual to actual use, is that percentage which will 
change the factor of under or over use to 100. The carrying capacity 
is then actual use, increased or decreased by the corrective factor. 
Students of the range have long avoided this kind of approach 
on the ground that there are no measurable elements. Stockmen are 
constantly called upon to make such decisions and what the stockmen 
know can be learned by others. The development of this technique 
is under way and will do much to guide in the correction of stocking 
of many unimproved and seasonal ranges. It has two advantages: 
The gross area and gross use are considered and the error of using 
data from small areas for large tracts is avoided. No element of the 
other method is involved, so that the second method may be used to 
check the overall results of the first method. 
The estimation of carrying capacity may not be more accurate 
than the degree of development of forage in an average year. Any 
precipitation record in the western States shows a wide variation from 
year to year and from one cycle to another. From the point of view 
of the practical range man, it appears that our present precipitation 
represents no cycle but rather an extended drought with some im-
provement in certain seasonable years. The variations of precipitation 
are so great that neither with weather records of nearly a century 
nor with tree-ring records that carry us back one or two thousand 
years, may we be sure what the norm should be for judging the 
year of average precipitation. 
Compositions of vegetation associations as the examiner finds 
them on the ground and the precipitation records which he carries 
into the field are his guide in estimating carrying capacity as of that 
average year. If he is clever he may so estimate. He still must 
expect an error that is bound to introduce itself. This error is the 
variation in forage growth due to the nature and distribution in the 
year of precipitation, in years of average precipitation. This, then, 
becomes the limit of error within which any estimation of carrying 
capacity is correct. 
Experience guides us to the conclusion that where vegetation 
and its use have been carefully studied, a reasonably accurate carry-
ing capacity may be assessed for range areas. Stockmen themselves 
BULLETIN 421-LAND CLASSIFICATION 227 
are not sure of carrying capacity except on controlled areas where 
they have had the opportunity to try similar numbers of livestock 
for a series of years. Those are areas that should be studied. Exam-
ination can go no further than the industry in plans for the year of 
excessive drought or extra fine feed. The plan for retaining on the 
ground a forage reserve from good years and average years will do 
much to cushion the shock of the "lean years." · 
The Grazing Service has an increasing number of cooperating 
stockmen who record movements of livestock among various enclosed 
areas of their allotments and otherwise aid in the study of correct 
use of their range lands. A number of them have asked for rain 
gages so that they might study the relation of precipitation to their 
operations. 
Carrying capacities, subject to change with changing conditions 
and liable to moderate error, will be accepted gladly by the livestock 
industry if they reasonably reflect the findings of fair past usage. 
Stockmen are willing to sit in on any game where others play with 
a spirit of give and take and where the cards are not stacked against 
them. They are willing to play for 15 or 25 or even 40 per cent of 
their numbers. They are not willing to concede that they have been 
wrong by 75 or 150 per .cent. They maintain that death would have 
corrected such outrageous abuses of land. 
Range surveys are a natural activity of young men. So exacting 
a profession merits life-long study. The unfortunate experience of 
the past has been that the young men who have excelled in range 
examinations have been of sufficient value to their respective admin-
istrative services that they have been taken away from the classi-
fication of lands and given the management of the areas which they 
have examined. 
The Grazing Service is planning a program in which the accumu-
lated experience of administrators and examiners may be combined 
and retained. When this information is reviewed and enhanced by 
the tried judgment of an industry which is now in the third and fourth 
generation of range users, we may be able to solve our problems in a 
reasonable time. 
Range management is forced to take hold immediately to main-
tain the industry while the necessary adjustments are being made. 
A program of range improvements will permit better husbandry on 
range areas. Range development, directed toward increased produc-
tion of good forage and the introduction of new plants by seeding, 
will have its effect. The complications of the grazing situation due to 
a land pattern produced by 75 years of land disposition and settlement 
is forcefully brought to attention by a range survey. Correction of 
such situations will hasten good land use. When we have this planned 
economy to replace the catch-as-catch-can land use methods, which 
we have witnessed and are still witnessing, we may expect stability 
of the industry and beneficial use of our western range areas. 
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DISCUSSION 
A. F. VASS1 
Mr. Rutledge's paper summarizes grazing from the time of 
Cain and Abel up to the present planned economy period! But even 
Cain and Abel did not seem to agree fully on their agricultural pro-
grams and would no doubt differ greatly in their classification of 
Western Grazing Lands depending on the agency they represented. 
Mr. Rutledge gives the Agricultural Adjustment Administration's 
idea of classifying grass lands as pasture if it requires twelve acres 
or less for twelve months of feed per animal unit, and grazing land 
if it requires more. He considered that the use of land requiring 
more than twelve acres cannot be classed as crop land at the will of 
the operator. Twenty-four rather than twelve acres is perhaps more 
nearly the turning point from grazing to crop land. The statement of 
"An A. U. M. or more per acre per annum" is not clear. The carrying 
capacity should be based on either acres per month or per annum. 
Special emphasis is placed on the need for more pasture and 
live stock even on small farms. The statement that "the operation 
of the United States as a giant farm may well tend toward more live 
stock and less of certain tilled crops" seems to be a rather popular 
idea at the present time. but we may question its soundness. The 
more grass land the less the tilled acreage, and the greater the 
unemployment which may be a far more serious problem than that 
of too much tilled land. When Western Grazing Lands with a carrying 
capacity of twenty-four acres per animal unit for twelve month's 
feed are tilled, it increases the amount of man labor per acre about 
twenty times. and at the same time increases the grass income from 
about seventy-five cents to four dollars. 
The greater the tilled acreage, in those areas where soil, climate, 
and topography are favorable, the greater will be the production, and 
the higher the standard of living for a given number of people. Our 
western ranges with little or no tilled land made some splendid 
cattle ranches for a few people in the early days, but in most cases 
they had to give way to smaller units as population increased, which 
meant a combination of tilled and grazed lands. 
One recommendation coming out of a Northern Great Plains 
Planning Committee Session was that there should be more grazing 
and less tilled land, and another recommendation that the farm units 
should be larger. If these two recommendations were carried out it 
would call for an enormous shift in population to some other place. 
What areas are willing to absorb these · people? About the only way 
we can increase the size of the farm unit without moving people is 
1Professor of Agronomy, College of Agriculture, University of Wyoming, Laramie, 
Wyoming. 
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to farm more and pasture less, and that is one reason why tilled 
crops replace native grass. 
It might be well to recognize that grazing is a secondary step in 
securing returns from the land. It is a method of harvesting the 
plant growth by means of livestock; a growth so scant that it cannot 
be harvested by machines. It is therefore the easiest method of secur-
ing a living where land is unlimited. 
As the early inhabitants were driven off the western range the 
white man found, that in order to have a more stabilized and higher 
standard of living, he must domesticate and improve the live stock 
in order to increase the output. This called for a little more work. 
The next step was to cultivate some of the land in order to secure 
winter feed for the live stock, which has proven to be a sound prac-
tice on both irrigated and dry lands. This brings up an interesting 
point as to when land should be left in grass and when it should be 
tilled. Farm and ranch investigation in Wyoming indicate that lands 
with a carrying capacity of about twenty-four acres for twelve months 
of feed per animal may be used for farming, when topography and 
soil conditions are favorable. Land of this typ~ will permit a value 
of $2.50 per acre, and will give about the same net return on invest-
ment whether used for grazing or farm crop production: if the size 
of unit is satisfactory, farming gives the best return on small units. 
The chief difference between grazing and farming operations is that 
in the former the operator performs relatively little labor, allowing 
nature to take its course in growing the feed, and live stock the har-
vesting. As population increased, man found that nature did not 
produce enough to give him what he needed, so he applied cultiva-
tion to the plant thereby increasing its production many fold: Therein 
lies the answer as to why western grass lands have been plowed up, 
and why they will continue to be farmed. 
Mr. Rutledge states that the maintenance of the soil is the first 
requisite for a stable live stock industry. We have found little or 
no correlation between the instability of western ranches and soil 
maintenance. On the contrary a negative relation may be shown as 
grazing, and live stock may occupy those areas formerly devoted to 
farming, but where the latter has reduced the limited organic matter 
of the soil. I believe that, as a rule, the replacement or supplementa-
tion of grazing by farming was not due to ignorance on the part of 
the farmer and rancher, but rather the carrying out of sound economic 
principles of land use. Having no subsidy he had to follow sound 
practices. As in other enterprises mistakes were made, which are 
too often used as typical examples. 
The statement that the Federal purchase of sub-marginal land 
by the Resettlement Administration were lands that have been tried 
as farm lands and found wanting, might be misleading. The repur-
chased lands as I know them in my state were almost \yholly range 
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lands. and were not in those areas of our dry land counties where 
farming has been tried to any great extent. They are now being 
used to produce beef. wool, and lambs as they have been used for 
the past seventy years, and in so far as we can determine by plant 
and production studies they seem to have about the same carrying 
capacity as they had when the first trail herds came up from Texas. 
The statement that the average production of livestock per acre 
of the Western grazing lands is far above the average for the nation 
as a whole does not seem to check with carrying capacity studies 
as the average acreage per animal unit in Taylor Grazing Lands 
require from sixty to one hundred and eighty acres, and the Forest 
lands about the same amount. Privately owned lands are somewhat 
better. The average of all grazing lands in a state like Wyoming 
require about forty-eight acres per animal unit. 
I agree with Mr. Rutledge that the stockmen are guided by life-
long observations and experimentations with live stock and range 
and that they are not the agents of destruction as they are often 
pictured. and if given control of the range, take pretty good care of 
it. We have found that there has been no measurable change in the 
forage on Wyoming ranges during the past fifty years. The ranges 
are carrying as many and in many cases better live stock than they 
were carrying in the nineties. This is especially true on the ranges 
controlled by the stockmen. The explanation is simple, as the profits 
in ranching come from putting on large summer gains on grass, which 
cannot be accomplished on over-grazed ranges. The intelligent ranch-
man knows this; and one must be fairly intelligent to stay in the 
ranching business unless. he is subsidized. Over-grazing and harm 
is therefore more likely to occur on grazing lands which he uses, 
but which are not under his control; for example Taylor Grazing 
Lands on which he may be permitted to graze at a low fee, and in 
which he is in competition with other ranchers. Thinking it is a 
privilege to have these permits he tries to crowd orl as many animals 
as possible, a thing he would not do if he were personally responsible 
for the range. Great care should therefore be exercised by those 
agencies controlling our grazing lands, where they are not the actual 
users. and are not required to meet sound economic practices, such 
as the stockmen must meet in the form of interest and taxes. The 
stockmen must protect and make efficient uses of his ranges in 
order to meet these operating costs. 
The reason that farm pastures are more likely to be over-grazed 
than range lands is that the farmer has supplementary feed to meet 
live stock requirements when the grass is grazed off, whereas the 
rancher must have satisfactory grass on the range to get the required 
gains. 
Range surveys for the purpose of land classification are very 
much in the experimental stage. The formula: density times com-
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position, times palatability, equals the forage acre, would be fine 
if we could measure these factors. The methods of determining 
density is far from satisfactory as height of the forage is given little 
or no consideration. Composition can be determined fairly well, 
but palatability is pretty much a guess in the dark at the present 
time. The best we can say is that such surveys are indicative, as 
there are so .many variable factors and unknown qualities. The his-
tory of the past use of the range is perhaps the best guide we have at 
present. • 
Mr. Rutledge's statement, that stockmen themselves are not sure 
of carrying capacity except on controlled areas where they have 
had an opportunity to try similar numbers of live stock for a series 
of years would lead one to conclude that if stockmen had control 
of the range they could determine its carrying capacity, and thereby 
make the most efficient use of it. 
The title of the paper indicates a classification for 'future use 
and management.' On that basis, it would appear desirable to include 
the factors of the relative values produced under different systems 
of organization. Questions are then raised of whether the land is best 
adapted to dry farming, cattle, sheep; a further refinement comes in 
considering other questions as: whether more units of stock and less 
gain per unit are more desirable than fewer units of stock and more 
gain per unit; nor has any satisfactory method been determined of 
adjusting the organization to the variations in physical production 
of grass-i. e., whether it is better to run a constant number of live 
stock, and if so, how much? Thus on a range where there was no 
variation of carrying capacity, a cow and calf outfit might prove 
profitable but where adjustment in numbers is necessary, carrying 
the calves two or three years might be better so that the younger 
stock could be sold off during dry years without cutting into the 
breeding herd. 
There seems to be an implication that there is a lack of proper 
inter-use of varieties of areas in western states. I doubt if this is a 
serious matter as the feeding areas draw live stock from adjacent 
lands, as economic laws have again functioned in adjusting land use, 
where there were no outside influences. 
The implication is made that much of the farming in the grazing 
areas has been found wanting, and that the movement should be from 
dry-land farming to grass. I trust that any system of land classifica-
tion of Western Grazing Lands will take into consideration the need 
for a given amount of farming along with ranching, in order to sup-
ply the necessary supplementary winter feed. This was the recom-
mendation coming out of the study made by the experiment stations 
of Montana, North Dakota, South Dakota and Wyoming, in coopera-
tion with the B. A. E. of the U. S. D. A. in their study of the 
Northern Great Plains Area. (U. S. D. A. Tech. Bul. 45.). I still con-
sider it a sound recommendation. 
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I doubt if we have sufficient information at the present time to 
properly classify our western lands. Who can say what lands should 
be in grass and which ones should be farmed? A recent soil survey 
of Campbell County, Wyoming, shows that twelve per cent of the 
lands are second grade dry-farming soils, whereas less than one-half 
'that amount has been farmed. Maybe we should have more farming 
and less grass land in the county: a county in which Federal Re-
purchased Lands are located. I consider the Homestead Act a splen-
did instrument .,for placing our farm lands into private ownership. 
Its weakness lay in not providing for private ownership of grazing 
lands, and its use of acreage rather than production or carrying 
capacity, as a measure of a satisfactory unit. 
How would we classify the lands that are now in grass, but could 
be farmed? How much should we spend in studying and classifying 
grazing lands that have a carrying capacity of one hundred acres per 
animal unit, and based on the present leasing fee have an investment 
value of about 9.6 cents per acre? 
The statement "that the complications of the grazing situation 
due to land pattern produced by seventy-Jive years of land disposi-
tion and settlement is forcefully brought to attention by a range 
survey" is interesting. The implication is that the Government rather 
than the stockmen should own and control the land. Our ranch in-
vestigations show that conditions on privately owned lands are fairly 
well standardized, with the greatest maladjustments occuring on 
lands under Federal control. For example the cost of twelve months 
of feed per animal unit on Wyoming ranges varies as follows: 
Public Domain, Department of Interior-Taylor Grazing Dis-
tricts -------------------------- ............... : ........ ________ _____________ ______ __ ·-·· ··--·· $ .60 
Public Domain, Department of Interior-Taylor Leased Lands 1.20 
Public Domain, Department of Agricultural-National For-
ests ----------------------------------------·------------- ..................... :......................... 1.80 
Public Domain, Department of Interior-Indian Reservations 2.00 
Public Domain, Department of Interior Agricultural-Fed. Re-
purchased Lands '············· ___________ -------------------------------- --············· 2.04 
State Owned Lands ____ ····-··-··-··········· ------------------------------------------------- 3.20 
Privately Owned Lands (Interest and Taxes) ____ ..... _______ _ ____ 5.32 
I would suggest that the lack of private land disposition and 
settlement may have complicated the grazing situation for if it had 
all passed into ownership we would not have those maladjustments. 
That it is complicated from the standpoint of costs per animal 
unit we can all agree. · 
It is this mixed-up land pattern of Federal and private control 
that results in the above maladjustments in operating cost, and over-
taxation on privately owned land. A poor manager using relatively 
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investment-free and tax-free Federally controlled lands has a better 
chance of succeeding than a good manager who operates on over-
assessed privately owned lands. 
Just why a rancher should not own and control his grazing lands 
the same as any other agricultural producer in the United States is 
not clear, as these lands have little or no value for any other purpose. 
Director Rutledge agrees that stockmen are guided by life-long ob-
servations and experimentations with live stock and range and are 
not the agents of destruction that the people are led to believe. My 
suggestion is that we draw on these life-long observations and ex-
periences of the stockmen and farmers in our land classification. 
CLASSIFYING LAND TO FACILITATE ADJUSTMENT IN THE 
GREAT PLAINS AREA 
E. A. STARCH' and W. W. PATE' 
Land classification is a most vital activity and carries tremendous 
responsibility in achieving adjustments within the Plains. This state-
ment rests on the bold fact that within the Plains a determination 
of the capacity of the land to produce over a long period of time de-
cides whether a particular farm will merely undergo some internal 
reorganization or whether it will make a drastic adjustment-such 
as being converted from a wheat-and-cultivated-crop farm to a live-
stock unit. In other words, classification determines whether certain 
lands, and even certain areas, are physically and economically suited 
to intensive or extensive utilization. This determination carries a 
very great responsibility. 
Classification for Determining Land Use 
In the first place, the classifier must find for himself a break-
ing point which he may say is the point where yields make wheat 
production impractical and make a change to grazing economy a 
necessity. He has a great deal of trouble in this respect because, first 
of all, methods of production change. If it were determined that 
lands of average 20-bushel yields on summer fallow were uneconomi-
cal in the horse-and-binder days, there is proof now that lands which 
produce 12 bushels an acre on summer fallow are economical under 
the regime of the tractor and combine harvester. The classifier, there-
'Coordinator, U. S. Department of Agriculture, Northern Great Plains, Lincoln, 
Nebraska. 
'Chief, Physical Surveys Division, Region 7, Soil Conservation Service. 
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fore, is confronted with both the physical and economic aspects as he 
makes his determinations. 
The Great Plains, also, has the extraordinary phenomena of 
great annual variability in yield. The variation is due to the fact 
that average annual rainfall is very close to the critical point. When 
the precipitation is below the critical point, the yields will be very 
low and when it is above the yields may be very high. Because of 
the prevailing mid-continental type of highly variable climate, there 
is no such thing as consistency of yield in the Great Plains. 
It is generally conceded by soils men that the supply of plant 
nutrients in the soils within the Great Plains is such that it is more 
than ordinarily rich in comparison to lands in humid areas, and 
when the climatic factors are right the yields will be very large. Of 
course, when they are not right, no amount of yield capacity on the 
part of the soil will be of any consequence. The classifier, therefore, 
becomes very dependent upon the historical performance of an area. 
If a level piece of land has the chemical and physical require-
ments but the history of the last thirty years indicates that the rain-
fall has been inadequate two:-thirds of the time, the classification for 
use will necessarily be even more affected by historical analyses than 
by the soil itself although it is generally recognized that soil develop-
ment is influenced by climatic factors. 
We want to repeat that the performance of any piece of land 
in the Great Plains is erratic while in a humid area land may be 
expected to perform consistently each year. In the first instance, 
the yield is governed by the behavior of the weather while in the 
second case the performance rests more definitely on the soil itself. 
After the lands have been thrown into two great categories of 
being either suited for grazing or for farming, then the classifier may 
determine the techniques which should be applied within each cate-
gory. Soil type, slope, past use, degree of erosion damage and other 
factors affect the methods for handling land within each of the 
groups. An interpretation of these physical factors into "Classes of 
Land According to Use Capability" in addition to dividing lands into 
these two groups will facilitate the development and application of 
practices for achieving conservation or, maximum sustained use, in 
each of the groups. 
In case it is suited to continued cultivation, the land use capabil-
ity classification will present a basis for determining whether the 
land must be handled in contour crops, in buffer strips or by crop 
rotation. It will determine whether the productivity of the land is 
such that more expensive types of conservation are practical-such 
as terracing-or whether the more simple and perhaps less effective 
techniques should be used. In the Great Plains it will also indicate 
practices necessary for wind erosion control since this type of erosion 
in many localities is more serious than water erosion. 
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If, on the other hand, land is classed as grazing land, then the 
whole methodology for restoring plowed land to permanent vegeta-
tive cover comes into play. The method by which this is done may 
again rest on classification of the land. If it is potentially low-grade 
grazing land, perhaps the best method is to allow the land to lie 
idle and to stand in weed growth until some type of permanent grass 
returns. If it is more productive grass land, some expenditure in 
reseeding may be justified. If land which is now in grass is classified 
as continuing in grass, then the grass management policy of the 
area !evolves around the required method of grass conservation-
such as controlled grazing, prevention of over-tramping by proper 
distribution of watering places, and other similar grazing manage-
ment problems. Here again, some type of classification which will 
indicate the susceptibility of the land to deterioration under use will 
be a guide to the intensity for applying control practices. 
The classification of land in the Plains can serve another im-
portant purpose in the determination of land use. Some lands which 
form part of a grass unit may need to be used for crop production, 
not because they are of high yielding capacity or because their his-
torical record warrants it, but because the ranch needs to have some 
cultivated base joined to it to produce reserve feed to carry livestock 
through the hard winters. In many parts of the Northern Plains 
during certain years the livestock can be carried through the winter 
on the open range, but reserve feeds must be produced for the hard 
winters to make livestock raising safe. A classification would show 
which areas could be used for this purpose with the least hazard. 
Classification for Civic Adjustments 
In the beginning we referred to two ramifications of land classi-
fication-the first being the internal reorganization of a farm or 
ranch unit, and the second being a complete change in the type of 
production that is necessary, as in the case of lands which are turned 
from cultivated crops to grass. Further than that the classification 
of land affects the whole community for if a large area within a 
county is classified as grazing land and the people of the area accept 
it as such then a complete change results in the number of people who 
live within that area. Consequently, schools and roads should be 
built according to the future use and occupancy pattern of the land. 
For instance, county commissioners might be well justified in main-
taining or building new roads in areas which are first class wheat 
lands. They would not be justified in building and maintaining their 
roads on the same scale or pattern in areas that were classified as 
third or fourth class wheat land where the future use would be based 
· on a grass economy and where, consequently, a different pattern of 
roadways would be needed. 
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Classification for Specific Programs 
There are several adjustment programs in the Great Plains 
which can be carried forward more rapidly if an appropriate land 
classification is available. Among these are: 
(1) The restoration land program under the Agricultural Ad-
justment Administration. 
(2) Management of lands acquired through tax delinquency by 
the counties. 
(3) The soil conservation district program where local people 
undertake to conserve their resources. 
(4) The submarginal land adjustment program under the Soil 
Conservation Service. 
(5) A unit reorganization program under the Farm Security Ad-
ministration, the Farm Credit Administration and others. 
(6) Institutional adjustment programs under local leadership. 
(7) Tax equalization and adjustment under state boards of equal-
ization. 
(8) Land use planning by county committees. 
In order to show how land classification may aid these adjust-
ment programs, let us return to the first one enumerated, that of the 
land restoration program of the Agricultural Adjustment Adminis-
tration. Under this program the allocations are removed from acres 
which have a historical wheat production base but are now unsuited 
to cultivation. In lieu thereof certain benefit payments are given 
for restoring such lands to grass. 
We may readily see the problem with which county and state 
Agricultural Conservation committees are confronted when they 
undertake to apply the restoration program wisely within a given 
area. They must select for restoration those parcels of land which 
are definitely uneconomic as wheat lands if their program is to meet 
with success. The state and county committees have their own his-
torical records which, in most cases, go back as far as 1928. However, 
when these historical records of county yield are supplemented with 
a classification based on physical factors of the landscape, the com-
mittee will be in a much better position to make selections which 
in the long run will be for the benefit of an area. For instance, if 
one hundred acres were under consideration by the committee, the 
ideal procedure would be to rank them in accordance with their 
potential sustained productivity, and they would first restore the 
bottom acre to grass and then advance up through the scale until 
they had restored the 20th or the 50th acre. The last acre to be 
restored would be at the border line as to whether it could produce 
most effectively as a wheat-acre or a grass-acre. Land classification 
in this case is a fundamental concept on which a very drastic recast-
ing of the use of land is based. 
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In the case of the second activity, that of the management of 
lands by county or state officials, an adjustment is being brought 
about in the Great Plains through modification of existing laws. The 
old laws contributed to a vicious cycle since they required county 
officials to offer all lands coming under their jurisdiction for sale 
with no discretion being allowed as to their suitability for use. New 
laws have been passed in three states which allow discretion as to 
which lands should be sold and which lands may best be used by 
leasing them for longer periods to individuals or grazing associations. 
County officials are concerned with two points-one is the con-
tinued maximum income to the county and the other is beneficial 
permanent use of the land. Unless county commissioners can be 
provided with some sound base for determining their policies, they 
will not be in a position to render a better service to their community 
than they were under the provisions of the original statutes. In 
order that the magnitude of this element in land use may not be 
ignored, may we say that there are now approximately 100 million 
acres of land in the Great Plains in some status of county cc.mrol. 
In the third program the supervisors of the soil conservation 
districts, in order to furnish adequate assistance to cooperators, must 
develop a program and work plan which will effectuate proper land 
use and conserve the resources. For those lands which are suited 
to cultivation, practices and procedures must be recommended which 
will prevent or control not only water erosion but, in many cases, 
serious wind erosion also. Although the intensity of farming opera-
tions in the Great Plains may not be nearly so great as in the humid 
areas, the continued misuse of land under inadequate measures for 
conservation may prove disastrous at a more accelerated rate. 
Due to the nature of the country, district supervisors in the 
Great Plains are more likely to become actual operators of land 
since, in many instances, they lease lands from county officials, other 
Governmental agencies or from non-resident owners to make them 
available mostly as ~razing lands for cooperative grazing units. When 
this is done the supervisors are in fact the directors of the cooperative 
land management unit, and they are confronted with the necessity 
of determining methods of conservation which they .should apply in 
order to protect their resources. 
Therefore, a land classification must continue to be evolved which 
will help the district supervisors in fulfilling their obligations. 
The fourth program, which is that of achieving some adjustment 
in the land ownership pattern through public acquisition of some 
submarginal land, is designed to facilitate restoration of key tracts 
of land which are rapidly deteriorating. It is an effort to restore 
some lands to grass which have been plowed up by homesteaders 
and, consequently, put to a wrong use with the result that erosion 
has gone beyond the point where the individual operator can restore 
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the land. Some of these lands are in the same class as cut-over lands 
where the. original resources or plant cover have been removed and 
the soil left in shape for rapid destruction. As in the case of forests, 
the individual apparently cannot afford to make the investment 
necessary to restore the original use of the land. Past use is the dom-
inant factor in determining the necessity for applying this particular 
program to particular areas or even parcels of land. 
The unit reorganization program, which is number five on our 
list, has been undertaken by various agencies to group present farm 
units together sufficiently to provide a family sustaining unit. The 
determination of what is a family sustaining unit revolves very large-
ly around the productivity of lands. When the productivity is known, 
then the total amount of land required for a satisfactory unit can be 
determined. 
Furthermore, a combination of irrigation and grazing lands may 
be necessary in order to obtain a balanced family sustaining unit 
which would permit the utilization of resources that could not other-
wise be utilized separately. In other words, it is an attempt to have 
different types of production complement each other. The process 
of unit reorganization becomes one of internal reorganization as well 
as blocking parcels of land. 
A program of institutional adjustments logically follows in the 
wake of drastic adjustment in land use. Institutional reorganization 
is largely in the hands of county officials and school boards. These 
boards have no way of knowing what future requirements are unless 
they have a key to the productive quality of the land within their 
jurisdiction. They must know what proportion is likely to be perma-
nent grazing or farming land, or, in the case of rapidly deteriorating 
land, they must know whether or not productivity can be restored 
and maintained. An answer to these questions must be had before 
road systems and school districts can be adjusted to the minimum 
requirements of the people whom the resources will support. 
Real estate assessment as affected by land classification has al-
ready been discussed on this program, therefore only a casual refer-
ence need be made here. In the Great Plains a large part of 
the civic improvement and institutional development came when 
agriculture was in a prosperous state and when weather cycles were 
favorable to high yields. Settlers, for the most part, came from com-
munities back east where civic .conveniences and public institutions 
were highly developed. They did not hesitate to transplant this in-
tensive standard of public service to the broad expanse of appar-
ently productive land and vote upon themselves high tax rates for 
amortization of these public benefits. However, with a decline in 
many areas, it is now evident that tax rates on many lands are very 
much out of line with prospective agricultural returns. Tax adjust-
ment is one of the major problems in the Great Plains, and a satisfac-
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tory land classification is essential in arriving at an equitable revision 
in tax rates. 
In the county planning program we are undertaking to put in 
the hands of local people information. pertaining to their area or 
community in order that they may formulate an agricultural pro-
gram. These local groups are analyzing their resources in light of 
their own experiences and in light of all scientific information which 
they can obtain. They are concerned with all of the factors of pro-
duction and especially with the best use to which they can put their 
local resources. A determination of productivity and use suitability 
of the land based on its physical characteristics, social environment, 
and economic conditions are fundamental factors upon which their 
policy formulation rests. 
Summary 
In light of the foregoing, responsibility for land classification 
in the Great Plains is very great, and it must rest on several factors 
including historical as well as physical. Basic surveys which furnish 
data on physical, social, economic, climatic and historical or past 
performance factors are fundamental. Classification is a technique 
for interpretation of the survey. The interpretation must make use 
of the survey data to meet needs of the particular adjustment pro-
gram in question. No one system of classification or interpretation 
can meet the requirements of all the different programs. It appears, 
however, that some system of indicating proper use, management 
requirements, and productivity would go a long way toward sup-
plying action agencies with the necessary information to effectuate 
their programs. 
We say again that classification of lands in the Plains is no more 
simple than it is in other areas although it is often said that it is 
easy due to the more limited uses to which the land can be put. 
As a matter of fact, more drastic adjustment and more individual and 
community reorganization is required to achieve proper use of land 
in the Great Plains than in any other part of the United States. 
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DISCUSSION 
H. H. FINNELL' 
A disadvantage in coming near the last part of any general dis-
cussion is that if you know anything worth saying, the chances are 
ten to one someone else has already said it before you get up. 
Hence, I could just transpose the thought of Throckmorton's 
comments yesterday on the Smith paper to this paper, and leave a 
very appropriate emphasis. But I should like to use a moment to 
elaborate one point in the Starch and Pate paper and add a general 
comment on the whole question of land classification. 
The usual plan is to get heated up about land use adjustment after 
the trouble sets in. The Southern Great Plains area was no exception. 
For a while, out in the Dust Bowl area, it was so hazy nobody 
could tell just what was wrong. But it has since developed that the 
dust storm trouble was due as much to the attempted practice of 
humid agricultural methods with a speculative complex thrown in 
as to the choice of an impossible land use. It naturally follows, there-
fore, that agricultural adjustments needed out there are not confined 
entirely to changes of land use, but may apply to the correction of 
methods as well. Physical land survey information, in order to be 
of use in the adjustments needed in the Great Plains area, should 
include material adequate for guidance in methods of soil, water, 
and crop management. 
Symptoms of basic troubles show up as economic and social 
consequences, with the result that we have had an epidemic of at-
tacks upon economic and social consequences. But, if we accept the 
fact that the social structure rests firmly upon the economic structure 
and the economic structure, in turn, rests upon and is even embedded 
in the physical basis of natural resources, that the farmer and his 
family live in these social and economic structures, rather than 
that they float away in the fanciful detachment of space, then we 
have placed physical land surveys at the very starting point of 
agricultural planning. You probably should wonder why I should 
think it necessary to reiterate the self-evident. It is because, eveu 
yet I find that in some places county planning committees are being 
very carefully shielded from soil surveys, or any other physical land 
surveys which might be available covering their areas. Presumably, 
this is for the purpose of keeping farmers' thoughts pure. 
To start planning the necessary adjustments in the Dust Bowl 
of the Southern Plains Region, we had extensive reconnaissance soil 
surveys already in existence thirty-odd years, but we could get no 
one to pay much attention to them. Meantime, someone discovered 
1Regional Conservator, Soil Conservation Service, Amarillo, Texas. 
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the one hundredth meridian and introduced the new and easy ap-
proach-a land classification with only two classes, namely-land 
lying east of the one hundredth meridian as distinguished f:r;om land 
lying west of the one hundredth meridian. However, this classifica-
tion has since been found inadequate to facilitate adjustment in the 
Great Plains area. 
Now, what the soil survey mainly needed was interpretation to 
make it useful in studying the land problems of the area-inter-
pretation in terms of soil behavior under use. 
I am impressed, after these two days of very excellent and con-
structive discussion, that the differences about which we complain 
mostly are differences of interpretation; not so much in basic infor-
mation. They are differences which properly trace to the various 
objectives adhered to by members of different organizations. If all 
the significant soil facts are recorded, the terminology and symbols 
are not important. Naturally, soil and land facts can be most easily 
and effectively recorded on maps. But practically anything may 
be mapped which is distributed over the land; even temporary 
features can be mapped and are mapped. Fundamentally, I would 
say, there is no particular harm in mapping our good intentions, 
if we have some, providing they are plainly labeled as such, remem-
bering all the time that whoever maps solid, temporary, or ephemeral 
things must bear the full responsibility for seeing to it that the 
expense is fully justified by the use which is to be made of them. 
The mapping of certain 'interpretations, separate or superimposed 
upon basic information, may be indispensable to certain objectives 
to the practical utilization of our soil surveys. 
A system of interpretation, capable of many uses, is undoubtedly 
desirable if it can be devised. But lack of the inventive genius to 
accomplish this should not interfere, meanwhile, with our having 
as many systems as may be necessary to achieve the effective appli-
cation of our soil science to the safe and efficient use of the land. A 
simple understanding of the distinction between the mapping of 
physical soil and land facts, and the mapping of interpretations of 
these facts, should go a long way to eliminate prejudice against 
unfamiliar systems of interpretation needed for various special ob-
jectives. 
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DISCUSSION 
JOHN F. DEEDS1 
The following discussion is predicated on information acquired 
in the course of intermittent field investigations in the Great Plains 
region over a period of about 20 years and examination of all avail-
able publications concerning the land resources of that region, both 
antecedent to the present adjustment era. The discussion therefore 
in large measure is supplementary to the senior paper on this same 
subject. It is believed that ample justification for this procedure will 
become apparent as the discussion proceeds. 
During the latter half of the 1920's the U. S'. Geological Survey 
completed publication of a series of land classification maps covering 
a total area of approximately 204 million acres in the northern and 
cen-tral Great Plains region. Only the New Mexico, Oklahoma and 
T.exas parts of the Great Plains are not covered by these maps. Sta-
tistics in mimeographed reports that accompany the maps disclose 
that approximately four per cent of the mapped area is irrigated 
or irrigable, fifteen per cent is first grade, thirteen per cent is second 
grade and sixteen per cent is third grade dry farming land. The 
remaining fifty-two per cent is grazing land. The classification is an 
integration of the then available records of crop production by aver-
age farm operations and the inherent characteristics as recorded 
by the land classifier. In determining inherent characteristics soil 
texture, climate and slope were used as basic criteria. In addition 
the natural vegetative growth was observed and where no material 
disturbance thereof had occurred by cultivation, fire or overgrazing 
the density and type of the associated vegetative species were re-
garded as an expression of the growing conditions and the land classi-
fied accordingly. 
Previous and subsequent to the foregoing classification many 
other reports have been written concerning the utility . of land fa 
the Great . Plains region. The report of the Long expedition of 1819 
described the central and southern Great Plains as "unfit for culti-
vation and uninhabitable, a desert of sand and stones." The recent 
novel entitled, "The Grapes of Wrath", appears to be regarded by 
some of its readers as expressive of similar sentiments. Other recent 
writers state in effect that the region is a problem area, that it is 
submarginal for agriculture, that it has been subject to an unenlight-
ened public land policy, that attempts have been made to super-
impose upon the Great Plains an agricultural system adapted to the 
more humid eastern sections of the country, and that disaster has 
occurred in the region because of unrestrained land speculation, 
1Principal Engineer, U. S. Geological Survey, U. S. Department of the Interior 
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open land grabbing on the range and conflict between settlers, cattle-
men and sheep raisers. Still other recent commentators seem to 
indicate that the region is undergoing a process of recovery that may 
again receive a classification as the "bread basket of America", which 
was sometimes used in wor Id war days. 
These divergent views concerning the utility of the Great Plains 
and similarly divergent views which have appeared from time to 
time since the report of the Long expedition in 1819, have a curious 
interrelationship which is regarded as important to any present 
day land classification. The sincerity and presumed competence of 
the proponents of the divergent views is both a warning and a source 
of valuable information. 
In 1909 the Colorado Agricultural College issued a publication (Bul. 145) which stated: 
Exclusive grain growing in dry land farming has been a failure wherever 
tried during the past 30 years in Kansas, Nebraska, Minnesota, the Dakotas and 
Colorado. • • • This makes the third time that eastern Colorado has been settled 
and then almost depopulated. • • * In the past 34 years there have been but few 
years so dry but that a sufficient quantity of feed could have been raised to-
gether with the native grasses to produce a good yield of milk." 
Yet in the decade following that report there occurred an out-
standing period of rise and fall of dry-farming in that region. The 
history of that period is a familiar story to this audience but because 
of its relation to the present situation it will be briefly reviewed on 
the basis of comments in the year books of the Department of 
Agriculture. 
In 1905 the yearbook stated: 
"Between the line of 20" average annual rainfall and the Rocky Mountains 
there is a strip of land reaching from Canada to the Gulf of Mexico, embracing 
about 300 million acres which for agriculture is debatable ground. • • • It presents 
one of the greatest problems of American agriculture. • • • Men need it for homes. 
All interests are eager to see these areas settled, provided the settlers can be 
self-supporting, or to avert this if settlement is to mean disaster. 
" • • • A wave of settlement is sweeping these plains. The Department of 
Agriculture has searched the world for drought resistant crops. • • • Tools have 
been invented for cultivating the soil so as to check evaporation. • • • To this 
combination of special tools, special methods of cultivation, and drought-resistant 
crops as a means of overcoming drought has been given the name 'dry farming'! 
"It is believed that through summer fallowing ~:lrought resistant crops can 
be grown in alternate years with a fair regree of success · over those portions of 
the semi-arid region where the soil is sandy or a sandy loam, but not in the 
clay or adobe soils. • • *" 
In 1907 the yearbook stated: 
"Within recent years investigation and experimentation have been directed 
toward solving some of the complicated problems involved in the conservation 
of soil moisture in these arid dreat Plains regions. • • • Development of cultural 
methods, crop rotations, plant adaptation, and farm organization is only just 
begun, and in time there will be no part of the Great Plains that will not be 
producing much more than at the present time." 
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In the 1916 yearbook it is. stated: 
" 'Dry Farming' in spite of the fact that it has not realized the early expecta-
tions of its advocates, has opened up to the agriculture vast areas of semi-arid 
country which before were given over to the sagebrush and cactus, the rattle-
snake, and the prairie dog. • • * The Department of Agriculture is teaching 
farmers how successfully to conserve the moisture in the soil, and it has intro-
duced various crops which do well with a minimum of moisture. 
The 1926 yearbook stated: 
"Many important experiences in the agricultural development of the Great 
Plains remain unsolved. 
"The disastrous experiences of settlers in the Great Plains during the last 50 
years have been due largely to (1) lack of experience with the soils, the climate 
and the adaptation of crops in this region; (2) the absence of economic justification 
for the bringing into agricultural production of large areas of raw prairie; (3) 
the adoption of a one-crop system of grain farming and the failure to develop 
the livestock industry in connection with grain production. 
"It is known that the mean climatic conditions of the entire area are such 
as to make possible the development of successful agriculture throughout this 
vast region. The crop producing capacity of the Great Plains compares favorably 
with other portions of the United States. However, only in about 2 years out of 
3 are the yields sufficient to yield a profit." 
From the foregoing highlights of land classification opinions one 
might well understand the following comments by Isaiah Bowman in 
his discussion of "Our Expanding and Contracting Desert", published 
in the Geographical Review, Vol. XXV, No. 1, January 1935: 
"It is sometimes assumed that the answer to the question of so-called per-
manent settlement in areas of risk is to be found in economic conditions alone 
or in physical conditions alone. Only the amateur can think this way. Physical 
conditions and economic and social conditions dovetail. All economic opportunities 
rest in the last analysis on the land and its wealth in the form of agricultural 
soil fertility, minerals, grass and forest growth and water supply. • • • 
"It can be predicted with complete assurance that members of Congress will 
rise 30, 40 or 50 years from now and declaim against the short-sightedness of the 
legislatures and leaders of 1934-35 who talked as if the whole West were becoming 
a desert once more, the grasslands permanently destroyed, the groundwater level 
permanently lowered, and the land faced with permanent disaster. 
"Nature has an answer to the prophets of disaster whose gestures are t.oo 
wide. The forces of life have a curious way of ridiculing our prophecies. When 
we think everything is improving steadily, we are disillusioned by disaster. After 
years of hardship, when we see ruin about us, Nature picks up again and surprises 
us with her beneficence." 
The foregoing comments give emphasis to the statement in the 
senior paper that "Land classification is perhaps the most vital ac-
tivity in achieving needed adjustments within the Great Plains 
region'', provided land classification is regarded as embracing the 
activities set forth in the discussion of the "Survey of land classifica-
tion Activities in the United States" presented by Dr. C. C. Colby. 
In that discussion it is stated that these activities fall within 
five categories which are (1) classification as to inherent char-
acteristics, (2) classification as to present use, (3) classification in 
terms of use capability, (4) classification in terms of recommended 
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use, and (5) program effectuation. The Northern Great Plains 
is one of the principal areas in the United States where all of these 
types of classification are needed and where none are of any value 
unless the fifth type, "program effectuation" can be made a reality. 
The senior paper described 8 methods of adjustment or program 
effectuation that are being adapted in the Great Plains region. It 
also is stated therein that about 100 million acres of the land in the 
region are in some form of public control. This is approximately 
one-third of the entire area of the Great Plains. 
The senior paper did not specify in detail how the 8 methods of 
adjustment or program effectuation were operating or what assur-
ance these methods provide for permanently eliminating the region 
as a potential area of submarginal land use activities. Viewed realis-
tically in the light of its history utility of the land is known to be 
subject to wide variations and that a program of use based on either 
extreme cannot be effectuated. It seems manifest that the program 
must be sufficiently elastic to permit reasonable adjustments to 
the inevitable vagaries of physical and economic conditions and also 
must conform to American principles of a free democratic mode of 
life. It is believed that the program cannot rest on an individual farm 
unit basis or on regional educational activities because in the future 
as in the past the adverse effects of improvident operations and sub-
versive speculation in land use activities would be likely to ruin 
even the best laid plans. 
Possibly one or all of the eight methods described in the senior 
paper will prove successful. My knowledge of these plans is too 
limited to permit comment thereon. However the Interior Depart-
ment has found by experience that a program to attain proper land 
use can be adopted as disclosed by the results obtained in irrigation 
districts organized for reclamation projects, in grazing districts and 
in the unit development of oil and gas fields. In each of these cases 
both private and Federal interests in lands are made subject to such 
community control as may be necessary to protect the interests 
of the property owners and to insure adoption of wise conservation 
practices to the end that waste of natural resources shall be avoided. 
This control may be attained under state legislation authorizing 
creation of quasi-municipal corporations which function in a manner 
somewhat similar to the customary county governmental organiza-
tions. In the absence of state legislation the land owners may enter 
into a contract which shall assure such limitation on the exercise 
of their individual property rights as may be necessary for the com-
mon benefit. In either case the wishes of the people as expressed in 
the ballot control the functional activities. It is therefore closely 
analogous to operations of big business where the voting power is 
limited to owners of interests in the business. Where public expendi-
tures are involved in Interior projects appropriate provision is made 
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for repayment. Such is the American way of doing business. It pro-
vides a means of program effectuation which in certain cases prob-
ably could not be attained in any other way. From the experience 
to date there are ample grounds for the opinion that programs so 
adopted afford a basis for permanent adjustment. Likewise under 
such procedure subnormal living· conditions should be substantially 
nonexistent and no longer should palliatives be periodically required 
in the form of subventions from public agencies. Collection of funds 
for such subventions from operations in regions where better planned 
land use activities prevail would then be no longer required. 
In view of the fact that as stated in the senior paper approxi-
mately 100 million acres, or one third of the Great Plains is now 
under some form of public control the time seems particularly op-
portune to abandon the public land policy of expeditious sale of tax 
delinquent and other public lands for public revenue. The Federal 
Government abandoned that policy nearly 100 years ago. ·In the light 
of all the technical knowledge now available concerning physical, 
social and economic problems in the Great Plains it appears unthink-
able that public agencies and private land owners will not find a 
formula for program effectuation in the Great Plains which will 
bring permanent prosperity to the region. 
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LAND CLASSIFICATION TO DETERMINE THE FEASIBILITY OF 
RECLAMATION PROJECTS 
JOHN C. PAGE' 
Land classification has always been a vital element in the 
Federal reclamation program. It began with the passage of the Recla-
mation Act in 1902 as part of the preliminary examinations and sur-
veys made by the Geological Survey,, and since the establishment 
of the Reclamtaion Service in 1906 ·and the Bureau of Reclamation 
in 1926, has continued to increase in importance as the development 
of irrigation projects has grown in size and complexity. 
While there have been many amendments and special acts affect-
ing Federal reclamation, the two fundamental principles of the 
original Reclamation Act have remained constant: (1) Use of the 
Reclamation Fund for construction of approved projects designed 
to create homemaking opportunities, and (2) Repayment by the water 
users of the cost of their irrigation systems. 
These objectives have necessitated extraoi;-dinary care in land 
classification in order that the Federal Government should not sponsor 
a project which should prove incapable of producing adequate return 
to provide a livelihood for the settlers and to permit repayment of 
construction costs. 
It is a serious matter to permit a man to establish a home on 
irrigated land where after a few years, despite hard work and skill, 
the land proves unsuitable for crop production. It may mean a 
tragic loss to the man and his family, and loss of the Government's 
investment. 
A unique feature of land classification work in the Bureau of 
Reclamation, is its singleness of purpose. Broadly speaking, the 
objectives of the Reclamation program are to provide new oppor-
tunities for people to make decent homes, to build new communities, 
to strengthen the arid and semiarid sections of the country, to con-
serve and utilize land and water resources, and to enhance the 
economic development of the whole nation. To aid in achieving these 
ends, land classification work seeks to determine exactly where and 
in what quantities irrigable lands can be found for subdivision into 
tracts of sufficient size and productive capacity to support single 
families, and for the repayment of irrigation costs. 
Classification is usually confined to specific areas where previous 
investigations have found that an adequate water supply can be 
made available by feasible engineering works. 
In determining the suitability of land for irrigation farming, a 
study of the general physical characteristics of a given area must 
'Commissioner, Bureau of Reclamation, U. S. Department of the Interior. 
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be made. The potential productive capacity of the land under irriga-
tion is involved. This depends not only upon the stable physical 
qualities of the land, such as soils, topography and drainage, but to 
some extent on less stable features such as climate, vegetation, 
location, market conditions, and the quality and quantity of irrigation 
water. 
· 
Since the areas involved are usually not in cultivation, and soil 
capabilities have not yet been established, it is necessary to use 
results obtained from lands of comparable characteristics, producing 
under successful irrigation developments, as a basis. The stable 
physical factors contributing to conditions under which crops are 
grown on these developed areas are correlated with those constituting 
the lands under investigation. In this way the natural productivity 
of the soil and its adaptation to various crops, are determined with 
a fair degree of accuracy. 
The results of studies of such major factors as soils, topography, 
and drainage in various combinations that go to make up the lands 
producing crops profitably on proven irrigation developments, are 
used as criteria in the classification of new lands. These are the 
limiting factors, or the features in which a deficiency limits the 
desirability of the land and prevents its classification as ideal or 
"first class". 
In rating the limiting factor of soil in terms of its potential 
utilization where irrigated, consideration is given to its inherent 
qualities expressed in such terms as (1) character of the soil profile, 
determined by the type of parent material, its mode of formation or 
accumulation, depth or thickness of mantle over sandstone, shale, 
lime hardpan, gravel, or loose rock, and the degree of modification 
of the soil material by weathering; (2) soil texture, or size of soil 
particles in the soil make-up; (3) soil structure or manner in which 
the individual soil particles are arranged; and ( 4) salinity and alka-
linity, or the concentration and composition of the ·soil solution. An-
other limiting factor is topography or surface relief, constitut ing such 
forms as fiat, uneven, rolling, rough or steep. Drainage, external and 
internal, is related to such factors as: permeability of the soil, slope, 
height of ground water, and position of land or availability of drain-
age outlet. A deficiency in any one of these factors is the basis for 
grading the land down into a class lower than Class 1, or the ideal, 
of the region. 
Land classification, as conducted by the Bureau, is an irrigability 
classification. It includes the separation of areas designated as arable 
from those regarded as nonarable, and then the separation of the 
arable lands into classes on the· basis of productive value under 
irrigation. 
The classification system includes six classes. Classes 1, 2, and 
3 are considered as arable, class 4 as semi-arable, class 5 as temporarily 
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nonarable, and class 6 as permanently nonarable and not worthy 
of development under irrigation. Ordinarily classes 4 and 5 are 
omitted from a classification, and when used, it is in order to estab-
lish a fact that these classes of land are typical of the area and may 
have some future value under the particular conditions in which 
it exists. 
Three types of land classification are recognized, differentiated 
primarily on the basis of the amount of detail included and the 
accuracy of delineation. They are: (1) reconnaissance; (2) semi-
detailed; and (3) detailed. The factors governing the type employed 
are (1) the detail and accuracy required; (2) the time allotted for 
completion of the work; and (3) the funds available for such inves-
tigation. 
Reconnaissance classification involves the examination of features 
at rather wide intervals and the separation of classes in a sketchy 
manner. It is applicable for use on large areas where general infor-
mation on the extent of arable land is required; to determine the 
extent and location of areas with the object of securing sufficient 
information on which to base justification for a more detailed inves-
tigation; and for use in areas under consideration for supplemental 
water supply where only an approximation of total acreage of arable 
]and is needed. These surveys are accomplished on maps having a 
scale of 2,000 feet to the inch and include classes 1 and 2 of arable 
land and class 6, nonarable. 
In a semidetailed classification, examination of the features is 
made at close intervals on lands likely to be devoted to intensive 
agriculture and less frequently on the more marginal areas. The 
separations between arable and nonarable lands are identified with 
considerable accuracy, but delineation of the boundaries between 
classes is not indicated in extensive detail. The use of this type is 
concerned with secondary investigations where considerable detail 
and accuracy are required. Data compiled from such a classification 
are used in conjunction with engineering investigations to determine 
the feasibility of projects, and to determine the extent and character 
of lands utilized within a certain drainage area. This type of classi-
fication is delineated on maps having a scale of 1,000 feet to the inch 
and usually includes 1 and 2 of arable lands and class 6, nonarable. 
In some cases conditions warrant the mapping of class 3 arable, con-
stituting lands made up of shallow soils over gravel or loose rock, 
which can be irrigateq without levelling, and used as m~adow or 
pasture. 
In a detailed classification, examinations of the features are 
made at close intervals and separations are delineated in detail. This 
type is applicable to projects going into construction, where detailed 
· information as to the character of lands on each 40-acre tract is 
required. Basic data with respect to various soil and subsoil con-
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ditions, topography, and drainage, are obtained in detail for the 
purpose of land appraisal, laying out the canal distribution system, 
outlining a drainage program and planning the project development . 
. The delineation of such a classification is accomplished on maps 
having a scale of 400 feet to the inch and ordinarily includes classes 
1, 2, and 3 arable and class 6 nonarable. A class 5 is sometimes used 
to designate areas not suitable for irrigation under existing con-
ditions of periodic floods or adverse drainage, but which may be 
made arable through construction of flood control and drainage works. 
In making classification surveys, selection of suitable maps as 
bases is of primary importance. Where aerial maps are available on 
the desired scale, it is . possible to delineate the boundaries between 
the different classes of lands directly on these photographs or on 
transparent overlays. The objectionable features of the photographs 
in the past have been their variation in scale and the difficulty of 
assembling the material into a general map. Where topographic 
maps are available, on a scale and contour interval comparable to 
the type of classification being conducted, they are valuable as base 
maps in the delineation of land classification features. Where ade-
quate, plane table surveys are made. 
The classification maps should, of course, be consistently accurate 
throughout, due consideration being given to the type of survey 
required. Where more than one man is responsible for the mapping 
of an area, comparison of the work is made not only at a common 
border of the maps, throughout the entire area in order that any 
difference in the interpretation of the land characteristics and classi-
fication standards may be reconciled. 
A great many of the separations between the land classes are 
coincident with easily discernible features, such as changes in topog-
raphy, type of vegetation, or prominent external soil characteristics. 
In order properly to appraise surface and subsoil conditions and to 
substantiate the judgment of the land classifier, sufficient borings 
or pits are put down and total salt and soil reaction determinations 
are made to be representative of the conditions as they exist in the 
area. The borings or pits are generally extended to a depth of 
five feet, the minimum number of such examinations being, one for 
each 40-acre tract in the case of detailed classification, one for each 
quarter section in semidetailed classifications, and a sufficient number 
to be representative of the areas concerned in reconnaissance classi'-
fications. These are minimum requirements applicable where con-
ditions are uniform, and additional borings ·are made where the 
nature of the soil is variable or where additional refinement is desired. 
As many as 30 pits to a section have been dug in the soil investiga-
tions on the Columbia Basin Project in the State of Washington. 
Samples are taken of the soil profile by sections, the depth of 
which is determined by changes in texture, structure or profile devel-
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opment. Quantitative determinations of the approximate salt con-
tent are made with an electrolytic bridge for each section of the 
profile. Soil reaction is . expressed by pH measurements, which are 
determined colorimetrically or with a pH meter. Dilute hydrochloric 
acid is used in making an estimation of the lime content. When field 
examinations do not fully explain soil conditions encountered, labora-
tory tests are described, and where the quality of irrigation water is 
such that it is imperative to know the proportion of the principal 
constituents of the soil solution, representative soil samples are sent 
to the chemical laboratory of the Bureau, to college agricultural 
laboratories, or to the Bureau of Plant Industry, for more detailed 
analyses. 
The classification of lands for irrigation requires particular atten-
tion to the three major factors; namely, soil, topography, and drain-
age. These factors are used in segregating lands into various classes. 
The reason for placing land in a lower classification than "l" is 
indicated on classification field sheets by placing the letter "S"·, "T", 
or "D" ("Soil", "Topography", or "Drainage"), after the classification 
number, or in cases where more than one of these factors has con-
tributed, a combination of these letters is used. For example, the 
symbol "2ST" indicates that the land belongs to the second class 
because of inferior soil and rough or steep topography. 
Classification standards for various classes of lands are necessary 
in order to obtain the objectives of a land classification survey. The 
general standards are as follows: 
First class lands are those constituting the highest type of arable 
lands, suitable in all respects for cultivation and production of crops 
by irrigation. They are smooth lying with slopes up to 5 per cent, 
soils at least 4 feet in depth, medium ot fairly fine in texture, mellow, 
open structure, allowing easy penetration of roots, air and water, 
having free drainage yet good water-holding capacity and free from 
accumulation of soluble salts. 
Second class lands are of intermediate character, suited to the 
cultivation and production of quite a wide range of crops. They are 
not so desirable nor of such high value as lands of cla.ss 1, because 
they are more costly to prepare owing to slightly unfavorable topog-
raphy, more costly to farm because more irrigation water must be 
used, or because water is difficult to apply. Soils may be comparatively 
shallow (12-18 inches of good plow soil, 36 inches of soil penetrable 
by roots and water). Drainage may be impeded and soils may con-
tain moderate concentrations of soluble salts. (.5 per cent or less), 
alkalinity (pH 9.0 or less in surfaces of 2 feet). Texture of soil may 
be too sandy or it may be a heavy clay. Topography may be of an 
uneven or rough slope of less than 5 per cent or smooth slopes of 
· from 5 to 10 per cent. 
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Third class lands are of inferior or low quality and poor pro-
ductivity. They have a restricted crop adaptation owing to such soil 
deficiencies as shallow depth (6 to 12 inches over gravel and loose 
rock, 36 inches penetrable by roots and water); extremes of texture 
(sandy or heavy clay); or presence of sufficient loose rock on the 
surface and in the plow zone seriously to interfere with cultivation. 
In some instances they are lands having impeded drainage and mod-
erate concentrations of soluble salts. In some areas, they are lands of 
uneven topography where erosion might occur. 
Fourth class lands are those which sometimes have a specific 
limited utility. They are made up of heavy compact soils with tough 
impervious layers in the subsoil. Sometimes they can be artificially 
drained. For the most part these lands are considered as ·nonarable. 
Fif:th class lands are submarginal. They often include lands 
which are water-logged and have an ~ccumulation of an injurious 
amount of soluble salt, or lands which are subject to correction only 
through construction of flood control or drainage works. 
Sixth class lands are permanently nonarable, consisting of lands 
that have a rough, broken, or eroded surface, rendering them unfit 
for cultivation. Other areas consist of rough regions of raw shale, or 
shallow soils over shale and sandstone. In this class also are included 
lands which are too high for delivery of irrigation water. 
These standards are based on stable physical factors and are 
applicable generally to the execution of all land classification surveys 
in the regions of the West where the Bureau of Reclamation is most 
active. In various localities, however, specific characteristics may 
enter into the land classification to add to the number of classes used, 
and in other areas certain provisions of the standards may not apply. 
One of the most elaborate land classification and project develop-
ment progr:ams ever undertaken is now under way in the Columbia 
Basin area in Central Washington, where approximately 1,200,000 
acres of semiarid lands will eventually be developed through a long-
range program as a result of the completion of Grand Coulee Dam. 
This classification work is being carried on by the Bureau of Recla-
mation and other investigations are underway in cooperation with 
other Federal, state, and local agencies under a plan of joint inves-
tigations. 
The classification of land on the Columbia Basin Project has 
been in progress since the summer of 1937. The work is being done 
with a maximum of four field parties, that number being able to 
classify the land as rapidly as the topographic surveyors are able to 
produce the maps which serve as a basis for the work. 
The Columbia Basin area is all underlaid at varying depths by 
basalt of the Columbia Basin lavas, bared in places by the erosive 
action of water during the period when glaciers dammed the Colum-
bia River, and glacial waters fl.owed over B:nd inundated a large part 
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of the project. Deposition from the same source covered vast areas, 
giving rise to a stratified deposit made up of loosely consolidated 
sandstones, and sandy shales with a limestone member. This lime-
stone, basalt, unconsolidated gravels, and coarse sands constitute the 
underlying materials which, in places, are near enough to the surface 
to affect the utility of the soils for irrigation farming. 
The largest acreage of really high class soil has developed from 
loessal materials, wind deposits of silty materials derived in part 
from volcanic ash, and from outwash deposits. Soils vary from fine 
sandy loam to silt loam in texture, and are uniformly deep and 
highly fertile, being represented in the Wheeler and Ritzville soil 
series, as mapped by the United States Bureau of SoiJ.s and the State 
experiment station. The principal limiting factor in this type of 
land is topography, for while the surface is generally only gently 
rolling, some of the slopes are excessive. 
Deep, alluvial soils, derived largely from the loess and included 
in the Sagemoor and Warden soil series occur in limited areas on 
the project. These soils occupy gentle slopes having even surface 
relief, and are of equal fertility with the loessal soils. Their texture 
is in most cases silt loam, and the soils are deep, free from rocks, and 
of excellent character for irrigation, although they may be somewhat 
difficult to drain if seepage develops. 
Soils and the Burke and Koehler soil series underlaid by lime-
stone, occur in a relatively narrow strip between Wheeler and Con-
nell, and in two bodies of considerable size in the southwestern part 
of the project. This soil has developed where limestone of various 
thickness has neither been buried deeply by sediments nor removed 
by erosion. The soil depth above this nearly impenetrable stratum 
varies from a few inches to several feet, and its value for irrigation 
farming is correspondingly variable. The principal concern with 
the shallow and moderately shallow soils of this type is that irrigation 
may develop seepage which will be difficult to remedy by artificial 
drainage because of insufficient depth. The land classification stan-
dards have been fixed to eliminate dangerously shallow soils from 
the arable classes. 
Soils of the Ephrata series have been developed on sand, gravel, 
and boulders deposited by large volumes of rapidly moving water, 
which carried the fine materials further on. The soil, which is of 
a variable depth but generally less than 4 feet, is a brown sandy 
loam of high fertility, with excellent drainage. Except in stony areas 
the principal limiting factor is the thinness of the soil layer. 
In general the soils of the project are on the light-textured side. 
Very little alkali is encountered, and the soils, free working, respond 
well to irrigation and modern farm methods. Variations, however 
are numerous, and it has been found necessary to carry land classi-
fication to considerable detail to obtain a reliable inventory of lands 
which are suitable for development under irrigation. 
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In classifying Columbia Basin Project lands, it was important to 
know to what extent the sandy soils of the area were suitable for 
irrigation. This problem was studied on three nearby irrigation dis-
tricts where sandy texture has been the principal limiting factor in 
the success of irrigation development. Soils were examined which 
had been profitably farmed under irrigation for many years, on others 
which had been less successful, and on still other farms which had 
gone out of cultivation after only a few weeks trial. The standards 
with respect to topography were likewise determined, irrigated lands 
in the Yakima and Kittitas Valleys being considered as well as those 
districts immediately adjoining the Columbia River, in order to 
duplicate all the principal soil and topographic conditions encoun-
tered on the Columbia Basin Project. 
Classification standards for class 1 lands on the Columbia Basin 
Projects have been established as follows: 
Soil Textures-fine sandy loam to friable clay loam; depth to 
gravel, sand, or cobble, 30 inches or more; depth to solid rock, either 
basalt or limestone, or to impervious caliche 4 feet; depth to calcare-
ous hardpan which is permeable following a period of irrigation, 18 
inches if underlaid by permeable material extending to a depth of 
4 feet. 
Alkaline reaction-pH 9 or less, except that under certain con-
ditions a higher reaction may be permissible in the subsoil with the 
total soluble salts generally 0.2 or 1 per cent or less. 
Rock-none in the plow zone of a size that will interfere with 
cultivation. 
Topogrophy-up to 5 per cent slope if reasonably large-sized 
bodies slope in the same plane; surface smooth enough that levelling 
can be accomplished almost entirely with a fl.oat. 
Drainage-soil and topographic conditions such that no specific 
drainage requirement is to be anticipated. 
The standards for classes 2 and 3 are lower in all respects. Areas 
classed as 6, nonirrigable include lands made up of coarse sandy 
soil having less than 15 per cent silt and clay, areas regardless of 
texture which are less than 12 inches in depth to gravel, sand, or 
cobble, or 24 inches to solid rock or caliche; and areas in which the 
alkaline reaction is excessive as indicated by the reaction pH 9 or 
more in the surface soil or over 0.6 per cent total salt. Regardless of 
the high quality of the soil, lands with slopes in excess of 15 per 
cent are eliminated, as are those where the surface is so rough that 
the cost of levelling would be prohibitive. Areas eliminated on 
account of drainage include narrow valleys which would be water-
logged and contain insufficient acreage to pay the cost of artificial 
drainage, and also areas having no surface outlet where the cost of 
providing artificial outlets would be in excess of benefits. Further 
elimination from arable acreage may later be necessary where it does 
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not prove feasible to make water delivery, but this cannot be deter-
mined until the lateral system is planned. 
The base topographic maps used in making the surveys on the 
Columbia Basin Project have a horizontal scale of 400 feet to the 
inch and a contour interval of 2 feet. It is unnecessary to survey the 
boundaries between the different classes of land because the change 
from one class to another is in most cases a gradation rather than 
an exact line. 
The method followed in the field is to drive or walk along the 
one-sixteenth lines in the direction that most nearly crosses the 
changes in slope, deviating from the line as much as necessary to 
examine all of the area. The soil borings are put down where re-
quired with a minimum of one hole for each one-sixteenth corner. 
Except where rock or gravel is encountered, the pits are dug to a 
depth of five feet, but sometimes when the classifier feels that deeper 
subsoil should be examined the pits are made even deeper. Careful 
notes are made of each profile. 
On the Columbia Basin Project immediate use is being made of 
the land classification surveys in the appraisal of project land. The 
appraisal board has available for its use the results of land classifica-
tion in map form and in summaries of areas by classes. Thus a uni-
form, and accurate appraisal is being made at low cost. 
Land classification involves many matters of judgment as well 
as of fact, and naturally some errors are made. However, the 
personnel engaged in this work is trained in soils, as well as experi-
enced in practical irrigation. Standards have been worked out on 
the basis of demonstrated experience. Land classification surveys 
provide reliable data for the determination of irrigable acreage and 
allocation of project construction costs on the basis of benefits derived, 
and provide a sound foundation for general project planning. 
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DISCUSSION 
DAVID WEEKS' 
Summary of Mr. Page's Procedure.-The procedure suggested by 
Mr. Page may be divided into two important phases as follows: 
1. Delineation of land :types, that is, grouping soils into given 
combinations of slope, depth, texture, structure, permeability with 
respect to water and roots, drainage conditions and water holding 
capacity, 
2. Economic rating on the basis of correlations between (a) Given 
combinations of soils, topography and drainage "producing under 
successful irrigation developments" and, (b) similar combinations 
of these factors in the project area being classified. 
Poin:l:s Needing Further Emphasis.-There are, however, certain 
phases of the procedure proposed which require further develop-
ment before it can serve adequately as a basis of feasibility deter-
mination. The more important of these phases may be enumerated 
as follows: 
1. Climatic condi:l:ions, wa:ter supply and economic location, al-
though mentioned, have not been incorporated into the classification 
scheme. 
2. Water requirements are a determinant of both income and 
costs. 
3. Difficulty of finding a developed area which is direc:tly com· 
parable with :the undeveloped project area usually necessitates com-
parison of two or more dissimilar areas, and the making of reasoned 
analyses of the economic significance of their differences. 
Because of the high degree of variability in the factors of soil 
productivity ,and because of the multitude of possible combinations 
of these factors, any category intended to represent an environmental 
unit must, in the words of Marbut, represent "a range in strength 
of expression or character of each factor." These differences within 
a given land type in one economic location may be insignificant; in 
another they may cause important economic consequences. The 
complexity in the character of any given land type makes it exceed-
ingly difficult to identify or even to find two areas which are com-
parable even in their more important productive characteristics. 
4. The me:l:hod of making :the correlations between developed 
and undeveloped areas, although equal in importance, has been 
subordinated to the delineation of land types. It is unfortunate that 
more time has not been available for a description of this very im-
portant phase. 
'Associate Professor of Agricult1,1ral Economics, College of Agriculture, University 
of California, Berkeley, California. 
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5. Definition of "successful irrigation developments" is of funda-
mental importance, for this is the basic criterion of the entire pro-
cedure proposed by Mr. Page. 
Too frequently we overlook the individual and social costs in-
volved in bringing a given tract of land to its existing stage of eco-
nomic development. Can a flourishing irrigated area which has 
involved investments of labor and capital by settlers who have failed, 
investments by bond holders who have received a fraction of their 
original principal in return for their deflated bonds, or generous 
public subsidies, be designated as a "successful irrigation develop-
ment" for use in making such correlations as have been proposed? 
If so, then justification for such subsidies will be in order on the basis 
of the genuine social benefits of irrigation development which are 
not always fully appreciated. 
An Alternative Approach on the Basis of a Different Criterion. 
-Feasible design of reclamation development consists of selecting 
that combination of project works and land inclusion which will 
insure under a given assumed plan of financing not only maximum 
net economic returns, but more particularly, an annual return in 
excess of annual capital requirements. A procedure of economic 
classification of land based upon this orientation would include the 
following steps: 
(1) Delineation of natural land types. This phase would not dif-
fer in principle from the development of the six categories proposed 
by Mr. Page. His classes one to six, respectively, are not economic 
productivity classes in themselves. More accurately, they represent 
categories of land having given physical characteristics. Other factors 
enter into economic productivity. Procedure would consist of: 
a. The usual soil survey in which series and types are identified 
and delineated. 
b. Subclassification into type phases on the basis of topography, 
micro relief, stoniness, drainage conditions, slope, elevation, climate 
etc. 
c. Regrouping of types into broader categories (natural land 
types) according to the more important factors known to have an 
important influence upon productivity but keeping separate those 
soils having characteristics which may and those which may not 
be modified by artificial means. (No attempt at rating would be made 
at this point. In areas where ratings have been made by a method 
such as the Storie Index these ratings, though not used as such, will 
give a satisfactory basis for grouping into land types.) (2). Delineation of tentative type of farming areas. Whether 
or not a tract of land is irrigable depends not alone . upon its place 
in the spectrum of soil profile, texture, chemical properties, slope, 
micro relief, drainage and climate, but also upon certain ultra-soil 
factors which have an important bearing upon whether it will add 
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to costs on the one hand or returns on the other. It is necessary 
therefore in determining its economic productivity to consider how 
each land type will fit into a given farming program, whether used 
for irrigated crop, irrigated pasture, dry farmed crop or dry pasture. 
The pattern of land types will have an important relation to the 
organization of the farm program and to project costs, and there-
fore to costs and returns to be expected from farming in the project. 
A perfect soil from the standpoint of depth, texture, slope, drainage 
and freedom from alkali may be ruled out because of its elevation 
relative to the source of water supply, its location or its distribution 
among other soil types and therefore its effect upon project costs. 
On the other hand, a soil having some limitations with respect to 
these factors may be included . because of favorableness of location 
in relation to project works or other bodies of irrigable or pasture 
land which gives it a useful place in the farm program, either from 
the standpoint of costs of development or of supplementary relation-
ships in farm operation. The economic utilization of a given land 
type is thus determined, in large measure, by the adaptation and 
productivity of the land types intermingled with it, particularly 
within the boundaries of a given farm. 
Marketing organizations, local industries, and other institutions 
which have been created to handle the product from certain im-
portant types of farming of an area, however, may influence the 
use of land types which may not otherwise have been particularly 
well adapted to these uses. Final determination of farming type 
boundaries cannot be made until preliminary estimates of develop-
ment costs have been made. The different steps in the procedure 
are inter.dependent. 
(3)). Design of tentative alternative distribution systems and 
estimates of costs, including costs of farm distribution systems, land 
preparation, agricultural development, and carrying charges on un-
used land during the development period. 
(4). Subdivide the type of farming areas on the basis of any 
important features which would materially alter incomes or con-
struction, operation or maintenance costs if included or excluded. 
(5). Estimate probable costs and returns for each subarea, there-
by giving it an economic rating, and prepare repayment schedule on 
the basis of capital available under the assumed plan of :financing. 
The proposed method of financing in so far as it determines the 
amount of capital available or required at any time, money and other 
assets possessed by the project farmers, the time required to develop 
the lands of the project and bring them into full fruition, opportuni-
ties for supplementary employment, indebtedness of the project 
farmers other than that incurred under the project financing pro-
gram, and many other factors will affect the ability of the ·farmers 
in the different areas to meet their financial obligations. 
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Water rights which have been adjudicated in the courts affect 
some local areas differently from others with respect to availability 
and cost of water. 
There is a prevailing tendency of land owners to hold land at 
variable prices which exceed their value when costs of development 
are considered. Although land value is theoretically expected to be derived from income and cost factors, local land prices under the influence of dynamic changes in economic conditions beome a factor in determining costs and returns. 
Long term outlook studies, especially for products to be produced 
on land having a limited range of adaptability, are needed as a basis 
of arriving at probable prices. 
(6). Select the optimum combina:tion of land and water distribu-
tion on the basis of the various alternatives of types of farming pro-ject design and costs and returns. 
(7). Feasibility will rest upon the criterion that capital available 
each year shall exceed annual capital requirements. This criterion does not mean only that average returns shall exceed average costs. 
It means that each of a large majority of the farms must make annual 
returns sufficiently in excess of annual capital requirements to pro-
vide for the inevitable delinquencies of a few. It assumes that there 
are no better alternatives for the farmers or capital involved in the project and that no serious effect upon prices will result. 
This scheme of procedure which is fully as applicable to old pro-jects for which supplemental water supplies are being developed as for new projects, is dependent for its validity in being followed up 
by a plan of financing and assessment which will not discriminate 
against land having certain limita'tions, and thereby exclude the 
type of farming which can utilize the existing combination of water 
and land classification. Thus land classification for feasible design is based upon the same principles as land classification which is to 
serve as a basis for assessment of costs, since feasibility determina-
tions assume a given financing and assessment policy. If sufficiently detailed, one classification can serve both purposes. 
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DISCUSSION 
R. EARL STORIE' 
As a soils man, I am going to confine my comments to the physical 
land classification involved in helping to determine the feasibility of 
reclamation projects. Dr. Weeks has already presented his ideas on 
the economic approach. 
Naturally we soils people are pleased that reclamation engineers 
in general are now considering with more care the important soil 
factors that we think are fundamental in successful crop production. 
Commissioner Page has listed the physical characteristics as "ex-
pressed in terms of (1) character of the soil profile (2) soil texture 
(3) soil structure ( 4) salinity and alkalinity (5) topography or surface 
relief (6) drainage, etc. These are the important characteristics that 
we in California include in the rating of soils by means of the "Storie 
Index". 
If this fact finding program is carried through to the finish, we 
feel that irrigation planning will rest on a solid foundation. Again, · 
speaking as a soils man and specifically as a soil survey man, why 
not have a soil survey as one of the first steps in the study program 
where reclamation is involved. Upon this soil survey can be built 
the other studies that follow. Many other costly studies might be 
saved if the soil survey shows the lands to be very poorly adapted 
for crop growth. An additional argument is that a good fundamental 
soil survey will then be available for other agencies who may be 
empowered to classify the land for purposes other than irrigation. 
We in California have been supplying the Bureau of Reclama-
tion with a series of maps, which can be used as tools in the deter-
mination of supplying supplemental water to lands now irrigated, 
the irrigation of new lands, and the redistribution of water between 
lands of varying quality. The various steps consist of (1) the detailed 
field soil survey and map, and a 2" = 1 mile scale, accompanied by 
a descriptive legend of the various soil types; (2) a separate salinity 
or alkali map showing four or five grades of alkali designated as (F) 
alkali free, (S) slight content of alkali, (M) moderate concentration, 
and (A) strong concentration; (3) a soil grade map, consisting of six 
grades based on the soils by means of the Storie index; ( 4) a natural 
land division or natural land type map, accompanied by a table 
describing the general character of the lands within each natural 
land division, the Storie index ratings of the soils, and the general 
physical factors governing their use. 
By then using the natural land division map and legend as a 
'Associate Soil Technologist, College of Agriculture, University of California, 
Berkeley, California. 
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basis it is not difficult to go a step farther and. produce a physical 
use-capability classification and map for use of the engineer and 
economist. 
LAND CLASSIFICATION IN RELATION TO RECREATIONAL 
LAND USE 
CONRAD L. WffiTH' 
According to the program, I have been assigned the . subject, 
"Land Classifications in Relation to Recreational Use". 
To the minds of many people the stating of this title might give 
the impression that recreational land use· is a secondary considera-
tion in land classification. I am sure that those present believe that 
lands for parks and recreation uses have important economic values 
and that it is as essential to allot lands for this purpose as it is 
for any other use. I would like to refer back to the first paragraph 
of the introduction of "City Planning Progress", 1919, American 
Institute of Architects, which states, "Cities and Towns have always 
grown according to some plan but in the past that plan has almost 
always been one of immediate expedience, or a blind following of 
precedent. It is only quite recently that we have realized the urgent 
need of looking ahead in our planning with intelligent and practical 
imagination; of preparing our cities and towns to meet, in a logical 
way, the problem for the demands of business, recreation, housing 
and circulation". Please note that this accords recreation its place 
among the four major forms of urban land dedication. 
Sixty-eight years ago, by its establishment of Yellowstone Na-
tional Park, the Congress of the United States indicated its recog-
nition both of a Federal responsibility for recreation and of the 
wisdom of devoting lands to this use even though the area possessed 
considerable actual or potential value for commercial uses. It was 
not until forty-five years later that the National Park Service was 
established and a beginning made in placing with a single agency 
responsibility for parks and monuments. This trend gathered mo-
mentum in 1933 when all national military parks and all national 
monum~nts were placed in its keeping. That trend is certainly in 
the direction of National Park Service custodianship of areas in 
which recreation is the dominant use. I do not say "sole use", for 
there are few areas in the system which do not have other secondary, 
but important, uses. In the last ten years the States have begun to 
'Supervisor of Recreation and Land Planning, National Park Service, U. S. Depart-
ment of the Interior. 
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take full recognition of the value of lands for parks and recreation 
and are formulating their systems. However, many people, I am 
sorry to say, still believe that park and recreation lands should be given secondary consideration and that any old land which cannot be used for another purpose is plenty good enough for park and 
recreation areas. We all know that the results of such a procedure 
are not planning and are wasteful and uneconomical. To fully 
realize the importance of parks and recreation areas, one need 
only study an average man's week. In 1900, the average individual's 
week was divided into approximately 34.5 per cent for work, 49 per cent for maintenance and 16.5 per cent for leisure or recreation-
time activities, while today we find only 23.8 per cent of the day is needed for work and 27.2 per cent is available for leisure or 
recreation-time activities. Of course, the maintenance time remains 
the same. 
We have it on good authority that there is available for recre-
ational use over and above that now used for agriculture, timber production and urban development, 361,000,000 acres, which is 19 per cent of our land or more than 2 and one-half acres per capita. This may sound ample, yet when we consider the type of these lands and their location with relation to our people and the "mova-bility" of these people, we find an entirely different picture. In looking at the records, we find approximately 40 per cent of our population living on. 2/ 10 of 1 per cent of our land and 60 per cent 
of them living on 99.8 per cent of the land. To aggravate this matter 
still further, the land values on and around the 2/ 10 of 1 per cent 
of the land occupied by 40 per cent of our population is used for 
such supposedly valuable purposes that a change in their use for greatly needed recreation seems impossible. This condition is slowly but nevertheless surely strangling the economic stability of our 
cities and having its evil effects on the Nation as a whole. To meet 
this problem sacrifices must be made in present day dollar and 
cents returns in order to stabilize developments and make today's progress produce assets of human wealth for tomorrow. 
There has been some progress in the field of park and recreation planning in the past several years and the classification of land for 
this purpose is beginning to find a place in the field of land uses. However, we still hear altogether too often statements similar to 
this, "That land is good for agriculture and, therefore, can't be used for recreation", or "That land is good timber and grazing land, and 
therefore, cannot be used for recreation". We also have this chal-lenge thrown at us-"Give us a dollars and cents value of park and 
recreation land and we will then compare it with the economic 
values of other uses and see to which use the land should be put". And still again, "Recreation is a luxury -and must give way to the 
essentials of life." I should like to dwell on these statements for 
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just a few minutes before making definite statements on what kinds 
and how much of lands and waters should be set aside for the enjoy-
ment of our people during their leisure or recreation-time periods. 
We live in a democracy which is nothing more than a form of 
Government made up of the people themselves, who have undertaken 
themselves to defend their rights of freedom and enjoyment of 
life. Strenuous and long hours of work are not one of the objectives 
of that form of Government. Yet, in a crisis or when needed, 
everyone should be willing to make such sacrifices of his time and 
abilities as are necessary; however, our form of Government is 
based upon the principle of obtaining a standard of living wherein 
all of us can make a livelihood and enjoy the leisure time which 
is ours through our efforts. The time and place for recreation is 
not a luxury-it is a vital necessity if we are to live full, sane, well-
rounded lives. It is part of our way of life. From the day this 
Nation was born, its objectives have been life, liberty and the pursuit 
of happiness. It is so stated in the Constitution. It is the opinion 
of those of us who are studying the problem that unless the place 
and opportunity are made available for the recreation of our people, 
we shall begin to decay from within and gradually destroy ourselves. 
The value of the leisure time that a man has or how he spends it 
is not and cannot l::>e calculated in dollars and cents. You cannot 
any more set such a value on it than you can on parts of your own 
body and soul. The right to enjoy and express ourselves and to 
have a place to do it is part of our heritage as citizens of a democ-
racy. We must provide adequate space of lands and waters for 
this purpose. 
The National Park Service, with the cooperation of other Federal 
agencies, various State park authorities and State planning boards, 
has been accumulating a great deal of basic material on . which to 
formulate a national recreation plan. There is at the Government 
Printing Office at the present time a report entitled, "The National 
Report on Recreation", and I should like to use for the rest of my 
talk some of the recommendations on lands for park and recreation 
purposes in this report. There are other recommendations in the 
report which have to do with administration, legislation, financing, 
etc., but they need not be mentioned in this discussion on land classi-
fication. 
A Recreation Land Plan for the United S:ta:tes 
In this section we propose to indicate what provision of lands 
and waters is required in order to meet adequately the recreation 
requirements of the American people-a provision which at the 
same time will give full and fair consideration to all other land-use 
needs. It sets forth a plan, the consummation of which, under the 
American form of government, cannot rest upon a single agency 
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but instead will require the combined and coordinated efforts of all 
agencies, at all levels of government, which deal with any phase of 
recreation. It includes a brief discussion of the part of the several 
agencies and levels of government may properly be expected to play 
in effectuating this plan. 
(1) Every element and all types of population need areas and 
facilities for outdoor recreation. There is a paramount need, how-
ever, for public recreation areas, of all obtainable types and provid-
ing for a wide range of beneficial activities, within easy reach of all 
urban populations. Theirs is a daily life, lived among man-reared 
walls, man-built streets, objectionable noises and smells, and, for 
a large percentage of them, in poor housing. To provide what they 
need for frequent use requires: 
a. Neighborhood playgrounds within easy walking distance 
(not more than a quarter of a mile) of all children. 
b. Playfields and neighborhood centers within half a mile to a 
mile of all citizens. 
c. Parks, or other areas characterized by natural or man-made 
beauty, sufficient in extent so that wear and tear will not 
be such as to render the cost of maintenance of their attrac-
tive features prohibitive, and sufficient in number and so 
distributed that all citizens, no matter how poor, may enjoy 
them at least occasionally. The limit of distance for areas 
of this type probably should not exceed two miles. 
d. Protection of urban and suburban streams and other waters 
from pollution and "uglifying" uses; provision of points of 
access and facilities for use in such places and of such extent 
as prospective use will justify. 
e. Parkways along waterways and to connect major units of 
the recreation area system. 
(2) For holiday and week-end use by city folk and by those who 
live in thickly populated or intensively cultivated rural sections, there 
is need of public recreation areas where picnicking, water sports, 
day and overnight camping, hiking, and other related activities may 
be enjoyed, and which are sufficiently large to provide those who 
use them a sense of freedom and of separation from crowds. At least 
one such area should be within 25 miles of those for whom they are 
chiefly provided. A distance even less than that will assure in-
creased availability to those for whom transportation is a difficult 
problem. 
(3) Because of the highly arti:fi.cialized conditions under which 
city dwellers are forced to live, the pressure for adequate recreation 
facilities is exerted primarily in their behalf. Yet there can be no 
denying that the 43.8 per cent of the population of the United States 
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which the census of 1930 classed as rural have recreational needs 
which must be met, at least partly, by land and facilities publicly-
owned or freely usable by the public. 
State and national parks and other related types of recreation 
areas are intended to attract and provide equally for all elements of 
the population. What the rural resident chiefly needs is something 
roughly equivalent to the parks and play grounds established in and 
near the city for the urban dweller. Generally speaking, such areas 
as are acquired and developed for his needs will be smaller than 
the general run of state parks; they will include provision for many 
of the activities that characterize the city playground, such as the baseball diamond, tennis courts, badminton courts, swimming and boating. Of equal importance with these will be provision for group 
activities-picnics, musical and dramatic presentations, competitive 
sports, festivals, pageants, dancing,-the means by which the dweller in the country may satisfy those gregarious instincts and the urge 
for self-expression which are given so little rein in the daily lives 
of millions of rural people. 
( 4) For vacation use, by all the population, wherever resident, 
they are needed: 
a. Extensive public holdings in all those parts of the country 
characterized by forests, rugged terrain, lakes and streams 
or any combination of these characteristics. In the western 
half of the United States, where the Federal Government's 
policy of retaining its remaining forest properties was adopted 
in time to keep much of the most spectacular mountain area 
from passing into private hands, most of the land required 
for extensive vacation uses is already in public ownership, 
and the problem is largely one of adjustment of use and 
administration so that these lands may yield the largest pos-
sible return to society. In the eastern half of the United 
States, which contains 70 per cent of the total population, 
the need is very much greater, while the means of supplying 
it through lands now publicly owned is very much less. 
Public ownership of lands, particularly by state and 
Federal agencies, has been rapidly extended throughout most 
of the region east of the Rockies during the present decade. 
In the more rugged sections within this region, the United 
States Forest Service has now acquired several million acres 
of land, much of it suitable for development for vacation use, 
and much of it developed, or under development, for such 
use. Most of the lands acquired by the Forest Service, how-
ever, are at such a distance from the larger cities that the 
mere cost of getting to them is so great as to make their use 
difficult or · impossible for more than half of the people of 
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the cities. Part of the rest can make· fairly frequent, and 
the remainder at least annual use of them, and their potential 
contribution to this kind of public enjoyment is considerable. 
It appears likely that lands now owned or included in the 
purchase program of the United States Forest Service, plus 
the state forest holdings of the States of Pennsylvania, Massa-
chusets, Vermont and New Hampshire, plus the park and 
forest holdings of the State of New York, will come very 
close to providing the lands needed for this type of use by 
the Eastern, Southeastern and Gulf States, and by Tennessee, 
Kentucky, West Virginia, Ohio, Indiana, Michigan, Wisconsin, 
Minnesota, Missouri, Arkansas and Louisiana. On such prop-
erties there is need for public campgrounds, cabin colonies, 
group camps and the various kinds of public resort, allocated 
as to kind, extent and location in proportion to prospective 
public use. In this phase of the total effort to provide ade-
quately for desirable public recreation, it is urgently neces-
sary to coordinate planning among the several Federal agen-
cies and the several state agencies, in order to provide what 
is needed and at the same time to avoid such multiplication 
of locations, or facilities, or both, and duplication of planning 
and administrative and maintenance cost upon either the 
user or the general public. For. any region there needs to 
be one recreational plan, in which all agencies and all lands 
shall have their proper place, rather than half a dozen inde-
pendent and conflicting plans prepared by as many different 
agencies. 
b. As indicated, the mountains and other wilderness and semi-
wilderness properties of the Federal and state agencies listed 
above are usually so located that more than half the popula-
tion are unable to use them. Furthermore, the urban popula-
tions of much of Texas, Oklahoma, Iowa, Nebraska, the 
Dakotas, and Illinois are even less advantageously located 
with respect to possible use of such publicly owned areas. 
Yet a vacation in the out-of-doors in attractive natural or 
naturalistic surroundings, where a reasonable variety of rec-
reational occupation may be obtained, is desirable for all 
and particularly for those whose limited means normally 
provide only limited recreational opportunities. And while 
they are desirable, neither rugged terrain nor spectacular 
scener~' is essential to the enjoyment of an outdoor vacation 
experience. It appears, therefore, that the most pressing prob-
lem, ~f this desirable and beneficial experience is to be brouglit 
within reasonably easy reach of the whole population, is to 
provide vacation areas close to the persons who need them 
and who cannot afford to seek them at a distance. 
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Areas of the kind needed are pretty well typified by 
many of the Recreational Demonstration Areas administered 
by the National Park Service. These possess, generally, an 
interesting and occasionally exciting terrain, fair forest cover 
that will steadily improve under proper protection and man-
:;i.gement, and flowing waters valuable for a variety of recre-
ational uses. They are located, as a rule, sufficiently close 
to urban populations so that they may be used for short or 
long periods by persons for whom a trip of as much as 200 
miles from home represents a heavy financial outlay; they are 
close enough, too, so that subsidy of transportation for under-
privileged individuals or groups, if provided, will represent 
a comparatively small expense for each individual served. 
(5) Because of the extraordinary recreational value of ocean, 
lake, and river frontage, there should be provided for public recre-
ational use: 
a. Ten per cent of the ocean frontage on the Atlantic, the Gulf 
of Mexico, and the Pacific, with good beaches a primary 
factor in the selection of sites. Such areas should include suf-
ficient hinterland to permit all necessary development with-
out undesirable crowding, or encroachment by private enter-
prise. Since the wildlife along much ocean margin possesses 
outstanding value and public interest, ample area in which 
to permit its protection and display will add greatly to the 
public value of any ocean front area. The percentage is 
based on an allowance of a mile of frontage for each 120,000 
persons resident within 100 miles of ocean or gulf; distribu-
tion of areas should, of course, be directly related, so far as 
possible, to the distribution of this tributary population. 
b. Ten per cent of the shore line of the Great Lakes, its selection 
and distribution to be based upon the same factors as apply 
to ocean frontage. 
c. Ten per cent of the shore line of major streams. The banks 
of all streams having recreational value should be zoned in 
order that, subject to the requirements of other socially desir-
able uses, they may provide the maximum recreational re-
turns. 
(6) It would appear to be generally agreed that those areas 
containing scenery of such distinction as does, or is certain to, attract 
users from considerable distances and in fair numbers, should be in 
public possession. 
F. L. Olmsted-California State Park Survey, 1929.-"They should 
be characterized by scenic and recreational resources of kinds that 
are unlikely to·be reasonably well conserved and made available for 
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public enjoyment under private ownership, or which under private 
ownership are likely to be so far monopolized as to make it seriously 
difficult for the ordinary citizen to secure enjoyment of them, except 
at .a cost in time and money disproportionate to the cost of providing 
that enjoyment through areas publicly owned." 
(7) On the same plane with the scenic areas are areas or struc-
tures of historic, prehistoric, or scientific significance. There is need 
for continued and energetic effort on the part of public agencies to 
assure preservation of America's heritage of historic and archeological 
sites and structures for the enlightenment and inspiration of her 
people. As is recognized by the Historic Sites Act of 1936, such 
action does not necessarily involve immediate or even actual public 
ownership, but may be accomplished in many cases without dis-
turbing private or semipublic owners. 
(8) For special recreational uses, six additional types of develop-
ment suggest themselves as important in rounding out and complet-
ing our state and national recreational systems. These are: 
Parkways.-Travel along trunk highways has today become 
largely a chore, something to be accomplished in the shortest possible 
time. The pleasure of motion and viewing the countryside has 
been seriously lessened by the mixing of all kinds of traffic; by the 
frequency of intersections; and by the uncontrolled use of adjacent 
lands which, by means familiar to any child, has made most of the 
roadsides of our heavily traveled roads an eyesore and an abomina-
tion. 
Since the parkway is, in its essence, simply an elongated park 
traversed by a road, the abutting property is subject to the control 
of access, light, and air that any other park possesses. The properly 
planned parkway possesses beauty. Traffic other than that by 
passenger cars is excluded; and the traffic that is permitted on it 
gains access to it at safe points separated by considerable distances. 
Border structures are there to serve the traveler, and only so many 
of them as he really needs. 
The move toward a national parkway system is a move toward 
restoration, to the car owner, of those returns in pleasant driving, 
to which his payment of a variety of special and general taxes fully 
entitles him. 
Trails and Trailways.-Millions of Americans have forgotten, or 
have never known, the pleasures of walking. On the one hand, the 
city never has made adequate provision for it, since pavements are 
not particularly attractive to the person who walks for the pleasure 
of walking. And the country road of 30 years ago had graduated 
into a modern highway where no provision has been made, for the 
pedestrian, and where, even if such provision were made, the pleasure 
of walking would be largely destroyed by the close-by presence of 
noisy and odoriferous traffic. 
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Routes of Water Travel.-The commercial usefulness of the canals, 
constructed by the hundreds of miles before and at the time of the 
advent of the railroad, has now almost completely disappeared; rec-
ognition of their potential usefulness as recreational routes has 
barely begun. Development of facilities for recreational use of the 
Illinois and Michigan Canal in Illinois was started with the begin-
ning of the Civilian Conservation Corps in 1933. Similar development 
of the Old Chesapeake and Ohio Canal along the Potomac above 
the Nation's Capitol, is now well under way. These two examples 
of long-neglected assets lying close to very large populations may be 
expected to point the way to similar undertakings elsewhere. 
Waysides.-This term is used to designate all those provisions 
of land, as a part of the complete highway, needed as stopping places 
to enable the traveler to derive the most complete enjoyment from 
use of the highway itself. It may designate simply a place off the 
traveled surface of the road where the motorist may pause to enjoy 
a pleasant view, or to read an historical marker, without endangering 
himself or others. It may mean a few shady acres where he may 
stop for a picnic lunch or just for brief relief, in pleasant surround-
ings, from sitting in an automobile. Some separation from the sight, 
sound and smell of traffic is at least highly desirable. 
Control of Outdoor Adveri:ising.-The blight which has been laid 
on the American landscape by outdoor advertising of all kinds, from 
the snipe sign on a tree to the modern, illuminated "landscaped" 
billboard which so often is planted in the foreground of the loveliest 
views from the highway, is one to cause any American to blush 
with shame. 
Preservation of Roadside Beauty.-Acquisition of attractive high-
way border strips, or use of scenic easements to obtain assurance of 
the preservation of natural features which contribute to the enjoy-
ment of driving, offers an opportunity further to preserve highway 
recreational values for the user of the highway. 
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DISCUSSION 
L. R. SCHOENMANN1 
The recognition of recreation as a space-using activity is rela-
tively new . . It is still so new that we have not yet succeeded in 
developing a serviceable vocabulary to distinguish clearly the dif-
ferent forms or types of land use that recreation is developing. 
This fogginess in our present concept of recreational land use may 
be due to the fact that our recreational habits have changed and 
grown rapidly in recent years. As recently as 1900, recreation was 
closely related to the home and the home community-parties in 
the home, dances at the hall, socials at the church or school, picnics 
in the grove, sleigh and hay rack rides in season. Work and play 
were frequently combined in husking bees, education, and diversion 
at Chautauquas and institutes, while travelling stock companies, 
medicine shows, and home talent plays provided entertainment. The 
boys and young men splashed in the old swimming hole. Children 
and old folks fished in the creek or mill pond. A few families usually 
went to the nearby lake or river for a week or two of camping in 
midsummer. It was a rare occasion indeed when anyone sought 
recreation outside of the home community. 
By 1920 things had begun to change. Good roads and auto-
mobiles were taking people farther from home. Vacations were 
coming into vogue. Summer cottages began to dot the shores of 
wilderness lakes, and resort hotels were being built on attractive 
shore, mountain, and wilderness sites remote from railroad facilities. 
Sunday golf began to compete with Sunday preaching. Trout fishing 
opened the outdoor recreational season and deer hunting marked its 
close. Sportsmen were falling into the habit of making not one but 
several excursions afield with rod and gun during the season. Through 
the prosperous years that led up to the "thirties" we were becoming 
travel minded. Touring to distant sites and scenes became so com-
mon that we coined the term "tourist'" to describe those who were 
taking part in this new form of recreation. 
Today, in 1940, millions of our people are leaving home in search 
of recreation. To the seashore, to the mountains, to the north woods, 
a year-round tide of recreational-bound people ebbs and flows with 
the seasons. Servicing them along their way and at their places of 
temporary residence provides new occupations which in the aggre-
gate have reached a degree of stability and a magnitude that merits 
the rating of "big business." 
Mr. Wirth has given us a splendid review of the types of public 
recreational areas, i.e., those which are provided and maintained by 
'Director, Conservation Institute, Michigan State College, East Lansing, Michigan. 
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the Federal government, the states, counties, cities, or other public 
agencies. He has presented convincing reasons in support of the 
need for such publicly maintained recreational facilities. 
He did not, however, discuss the recreational facilities and serv-
ices that are provided and maintained by private ownership and 
initiative for either personal satisfaction or profit. These private 
enterprises constitute a large part of the normal recreational plant. 
In the aggregate they represent a large investment of taxable wealth. 
Along with the public recreational areas these private developments 
are helping to create a new and expanding use for peculiar sorts of 
land areas and to support a relatively large and dependable volume 
of seasonal business and employment. 
If that is true, should not this new form of land use be accorded 
a degree of public consideration and service similar to that which 
is, and has been for sometime past, extended to farming, grazing, 
and forestry? And, if land classification can help to guide us in 
making some intelligent use of our land resources for these older 
types of socially desirable land use, might it not be equally desirable 
to classify land for recreational use? 
I believe you will agree that over the country at large each of 
you has noted numerous instances where unfortunate choices of 
sites and areas have been made for recreational use. The land utili-
zation study on which Professor W. F. Ramsdell is reporting to this 
conference uncovered a number of instances of ill-advised recre-
ational development within a single Michigan county where there 
is much sound and serviceable development that might have been 
used as a guide and in spite of the many fine public recreational 
developments which we now enjoy I am sure that Mr. Wirth could 
point out more than a few instances where public agencies have 
made similar mistakes in the choice of sites or the type of develop-
ment. 
Apparently by heedless or unappropriate use we are encounter-
ing and creating submarginal sites and areas for recreational use just as we have encountered and created submarginal sites and areas 
for agricultural use. The fact is that in recreational land use we are 
still depending largely on "trial and error." We have not yet taken 
the time to make an adequate appraisal of our accumulating experi-
ence in recreational land use or even to try to arrange and organize 
the information we already have available on the natural, social, 
and economic environment into a form in which it could be effectively 
used to guide future recreational land use. 
For instance, simple common sense should convince us that the 
innumerable combinations of life forms, landscapes, environments, 
and locations are not all adapted to similar recreational uses. No 
doubt, recreation will prove to be quite as exacting in its require-
ments and tolerances as either farming, grazing, or forestry. 
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Is it likely that there might be something comparable to cotton belts, wheat belts or forest belts in recreation? 
If so, might sites or areas suitable for duck marshes, deeryards, bathing beaches, or winter sports parks be comparable to sites or 
areas suitable for alfalfa, rice, peaches or pine trees? We can classify land in the. interests of these agronomic uses-why not for recre-
ational use? 
Suppose we were to try it. What nature of criteria might be 
employed to establish and extend the classification? 
Hot, cold, wet, dry:-would climate be involved'? California, 
Florida, Maine, and Michigan would likely agree that it is. 
Mountains, plains, hills, and valleys: - land form, the basic 
aesthetic element in landscape variety could hardly be ignored. 
Ocean, lake, river or creek:-water features would certainly 
command consideration because of their intimate function in recre-
ation. 
Sand, clay, peat:-soils might be overlooked except for their fundamental relation to the tone of the landscape and the potentiali-
ties of any area or site. 
Sage brush, prairie or marsh, cedar, pine, maple, or redwood, 
mountain laurel, water lily, chaparral, wild rice:-natural vegetation 
would be counted as important because it is the raiment and cosmetic 
with which nature dresses up her landsc.ape because it offers solace 
to many more of God's creatures than recreationists. 
Deer, ducks, elk, rabbits, coyotes, trout, bear, pheasant, fox, mead-
ow larks, hawks, mountain sheep, porcupines, grouse, raccoon, mos-
quitoes, ticks, prairie dogs, rattlesnakes, moose, quail, pack rats, 
cedar wax wings:-animal and insect life, or shall we say fauna, is 
so "live" a part of the recreational environment and attraction that 
it could not be omitted even if the sportsmen and naturalists did not join in insisting on its inclusion. 
To those enumerated we might add the "pattern of present land 
use" with which recreation would have to associate or compete, as 
well as the "dispersion of the human population" which might inter-fere with or enjoy the recreation activities; and finally, the "existing 
transportation facilities" via air, overland, or water to indicate the degree of accessibility or seclusion for every site or tract. 
That brings the list up to (1) climate, (2) land form, (3) water features, ( 4) soils, (5) flora, (6) fauna, (7) land use, (8) population and (9) transportation. The surprising thing about this list is its familiar 
sound. It contains nothing with which we are not already well ac-quainted or for which we do not have a considerable amount of data 
on maps, in reports, by census and aerial photos. By drawing on this data I believe only a little ingenuity and supplemental field work 
would be necessary to permit us to devise and carry out a "land 
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classification for recreational use" with categorical subdivisions which 
might be ranked as: 
· 
(a) Recreational Regions. 
(b) Recreational Areas (a subdivision within the region) (c) Recreational Tracts (a subdivision within the area) (d) Recreational Sites (a subdivision within the tract) 
A classification of this order should provide a framework of 
recreational environments into which our accumulating experience 
with recreational land use could be correlated to serve as (1) a guide 
in appraising the adaptation of particular sites or tracts within the 
defined areas and regions, and (2) to provide a basis for planning 
their future development. 
This group may be interested to know that while we have not 
undertaken to classify land for recreational use in Michigan, we are 
trying to obtain an inventory of the recreational attractions, facilities 
and undeveloped resources in certain counties with the help of the 
local county land use planning committees. The schedules for this 
inventory contain provision for obtaining information on lakes, 
streams, points and sites of scenic and historic interest, public reser-
vations such as parks, forests, wildlife refuges and hunting grounds, 
nature trails, scenic highway, canoe routes, boat liveries, resort 
hotels, cabin and trail camps, cottages, hunting and fishing clubs, 
commercial sport and amusement facilities, etc. 
The major purposes for undertaking the inventory are: 
(1) To increase the appreciation, on the part of the local people, of the value 
of existing recreational attractions in each county and possibilities for further 
development. 
(2) To gather pertinent data concerning recreational attractions and facilities, 
so that recreational service maps may be prepared and made available for general distribution. 
(3) To assemble facts so that the public may obtain reliable information 
from the organized information stations, business places, etc., regarding the local 
recreational facilities. 
(4) To inventory existing recreational attractions, facilities for tourists, and 
undeveloped· recreational resources as an aid toward planning for their more 
complete and desirable use. 
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LAND CLASSIFICATION IN THE PUBLIC DOMAIN 
JOHN B. BENNETT' and ROBERT K. COOTE•. 
Broadly defined, the public domain embraces the entire territory 
acquired by the Government of the United States by treaty, cession 
by the States, or purchase, and subjected to the operation of the 
public land laws. At its greatest extent, the public domain included 
all of the States and Alaska, except the 13 original States and Ken-
tucky, Maine, Vermont, West Virginia, Tennessee, and Texas. It 
aggregated more than 1,800,000,000 acres. 
More than 1,000,000,000 acres of the original public domain lands 
have been disposed of through public sale, homestead, grants to 
States for school and other purposes, grants to railroads, military 
bounty land warrants, desert land entry, timber and stone entry, and 
miscellaneous means, leaving in Federal ownership about 800,000,000 
acres, almost half of which is in Alaska. 
Of the 420,000,000 acres of public land remaining in the States, 
234,000,000 acres have been included in various reservations, such as 
national forests, national parks, Indian reservations, wild life refuges, 
and military and naval reservations, leaving as unappropriated and 
unreserved public land about 186,000,000 acres. The term "public 
domain" also is applied to these residual lands, and it is with them 
that this paper deals specifically. 
Guardianship of the remaining public domain lands is a major 
responsibility of the United States Department of the Interior, under 
conservation policies administered by Secretary of the Interior Harold 
L. Ickes. An important feature of this guardianship is the administra-
tion of the unappropriated, unreserved public lands outside of grazing 
districts by the General Land Office. In addition, this office exercises 
certain jurisdiction in disposing of public lands in grazing districts 
and other withdrawn areas or reservations. 
Our past policies with respect to disposal and administration of 
the public lands have left a deep imprint upon the character of 
the remaining unappropriated, unreserved public domain. For more 
than a century the public lands were disposed of indiscriminately, . 
at first with the primary objective of securing revenue, later to 
provide the basis for national development and to furnish homes 
and farms for the Nation's citizens. All of these objectives were 
based on one common doctrine-that the land would find its highest 
economic and social use through private ownership. The selection 
of land was left largely to the settlers, purchasers, locators or entry-
'Supervisor of Land Planning and Conservation, General Land Office, U. S. 
Department of the Interior. 
2Assistant Chief, Land Classification Division, General Land Office, U. S. Depart-
ment of the Interior. 
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men. Naturally they chose the best lands. When during a later 
period a growing realization of the public interest in certain of the 
public lands led to the reservatfon of large areas, the best of the 
remaining lands were set aside for specific purposes. Thus the scenic 
resources, most of the forest lands, the lands susceptible of recla-
mation in compact blocks, and the promising power sites were taken, 
leaving in the unappropriated, unreserved public domain the desert 
lands and more barren foothills, and widely scattered tracts of land 
of miscellaneous character but with the common characteristic of 
limited usefulness. 
The 186,000,000 acres of unappropriated, unreserved public domain 
lie in 25 states, stretching from Florida to the State of Washington. 
About 139,000,000 acres comprising the more compact areas have 
been placed in grazing districts. A substantial percentage of the 
remaining public domain has been entered under the homestead or 
other land acts, and then abandoned. Many tracts have been entered 
and abandoned repeatedly. Frequently such tracts have improve-
ments of a sort on them, and it is fairly common for the former 
homesteaders' shacks to be occupied by squatters. Other tracts have 
been occupied and improved by recent settlers, under the mistaken 
impression that the old system under which the common practice 
was for settlement on the land to precede or accompany application 
for entry, still holds. 
During the early years of the disposition of the public domain, 
land classification was confined to the rectangular surveys for the 
purpose of identifying the land. The first public land surveys were 
made under authority of the Ordinance of 1785, and the system of 
townships six miles square which was provided for at that time, is 
essentially the system still in use. The system was devised with the 
object of marking upon the ground the boundaries of description and 
disposal or administration of the public domain. The general scheme 
of the survey is as follows: 
(1) The township, 6 miles square, containing 36 sections, each 1 mile square, 
is the unit of survey. 
(2) Townships are numbered meridianally into ranges and latitudinally into 
tiers. 
(3) Guide meridians and correction lines or standard parallels are established 
at intervals sufficiently near each other to maintain workable adherence to the 
legal definition of the primary unit, the township. 
(4) The township is. subdivided into 36 sections by running parallel lines 
through the area from north to south and from east to west at distances of 1 mile. 
The townships are numbered to the north or :;iouth, commencing 
with number 1 at the base line, and with range numbers to the 
east or west, beginning with number 1 at the principal meridian. 
The 36 sections in a township are numbered commencing with number 
1 at the northeast section of the township, proceeding thence west 
to section 6, south to s~ction 7, east to section 12, and so on, to number 
36. in the southeast section. 
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When the public land surveys are made, monuments are estab-
lished to mark the four corners of each section, as well as quarter-
corners on the boundaries of the section. In connection with the 
survey, the General Land Office engineers observe the characteristic 
features of the area being surveyed, and describe them in field notes. 
The plats and field notes representing the public land surveys 
are filed in the General Land Office at Washington, and are avail-
able for reference by any interested persons. The field notes and 
plat of a survey furnish both a technical record of the survey ·pro-
cedure and a report on the character of the soil, timber, topography, 
minerals and cultural features. In some parts of the country which 
have never been covered by topographic surveys or aerial maps, the 
public land survey records provide about the only comprehensive 
record of land characteristics. 
Little attention was 'given to classification of the public domain 
according to its use capabilities prior to about 1860. Following the 
Civil War, however, legislation providing for disposal of the public 
lands began to distinguish between the several types of land. At 
first the only information available on which to base a classification 
came from the survey field notes on the surveyed land, from casual 
observation by the land office agents, and from the reports of early 
explorers. The necessity of securing accurate and detailed classifica-
tion led to the establishment of the Geological Survey in the Depart-
ment of the Interior, in 1879. In addition to its hydrographic and 
mineral surveys, its preparation of geologic and topographic maps 
and its other scientific work, the Geological Survey has designated 
irrigable lands under the Carey Act and the Reclamation Act, selected 
sites for irrigation and flood control reservoirs, and has designated 
lands as suitable for entry under the Enlarged Homestead and Stock-
Raising Homestead Acts. In connection with the designation of stock-
raising homestead lands, the Geological Survey classified all of the 
rural lands in the northern and central Great Plains according to 
their suitability for irrigation, dry farming or grazing. 
On November 26, 1934 and February 5, 1935, following passage 
of the Taylor Grazing Act, the President withdrew all of the vacant, 
unreserved and unappropriated public lands from settlement, loca-
tion, sale, or entry "for classification and pending determination of 
the most useful purposes to which such lands may be put . . . and 
for conservation and development of natural resources." 
On June 26, 1936 Congress amended the Taylor Grazing Act to 
provide "That the Secretary of the Interior is hereby authorized, in 
his discretion, to examine and classify any lands withdrawn or re-
served by Executive Order of November. 26, 1934 .. and Executive 
order of February 5, 1935 ... or within a grazing district, which are 
more valuable or suitable for the production of agricultural crops 
than for the production of native grasses and forage plants, or more 
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valuable or suitable for any other use than the use provided for under 
this Act, or proper f6r acqUisition in satisfaction of any outstanding 
lien, exchange or script rights or land grant, and to open such lands 
to entry, selection or location for disposal in accordance with such 
classification under applicable land laws . . . Such lands shall not 
be subject to disposition until after the same have been classified and 
opened to entry ... " . 
The same amendment required "That upon the application of 
any applicant qualified to make entry, selection, or location, under 
the public land laws ... the Secretary of the Interior shall cause 
any tract to be classified ... " 
The · Taylor Grazing Act also authorizes sale at public auction 
of isolated tracts of the public lands, when such tracts do not exceed 
750 acres, and sale of tracts not exceeding 160 acres, .whether isolated 
or not, if they are mountainous or too rough for cultivation. Under 
certain conditions exchanges of public land for land owned by States 
or by private individuals are authorized. 
All of these provisions require technical land classification, or 
in the common language of the older public Ian~ laws, "designation". 
Originally, the Grazing Service handled the classification of tracts 
for which there were applications for homestead entry (the most 
numerous of the various types of applications). Under recent amend-
ments to the Department regulations, however, the General Land 
Office is responsible for all of the surface classifications'. In February, 
1940, a Land Classification Division was established to conduct this 
activity. 
Passage of the Taylor Grazing Act marked the culmination of a 
50-year trend toward placing primary emphasis on retention and 
management of the public domain by public agencies, rather than 
disposal to private individuals. In particular, it marked the transition 
of the General Land Office from an agency primarily concerned with 
the disposal of the public lands to an organization for bringing about 
better management and improved use of the public domain. This 
change, however, has not relieved the. Land Office of any of its 
previous duties as the real estate agency of the Government. As 
noted above, all of the remaining public lands have been withdrawn 
from settlement, location, sale, or entry. Nevertheless, disposition 
under certain specified conditions is permitted following classifica-
tion. The embodiment of land classification in the procedure of the 
General Land Office, therefore, represents a practical adaptation of 
classification methods and theory to the immediate task of disposition 
and management. For the present it has been necessary to sacrifice 
some details of classification in order to expedite the administrative 
process. 
'Classification of the public lands as mineral or non-mineral is the responsibility 
of the Geological Survey and is not within the scope of this paper. 
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I; has long been recognized that land use planning studies are 
required on which to base proper disposal and administration of the 
public lands. Such studies now assume a greater importance than 
before. Opportunity for homesteading and other entry on the public 
domain of continental United States is today greatly restricted owing 
to the low productivity of the remaining public lands. Yet despite 
the limited use capabilities of, and lack of opportunity for successful 
enterprise on, the public lands and despite the legal limitations on 
private acquisition, great numbers of applications to secure tracts of 
the public domain continue to come before the Land Office. It is to 
these applications that land classification has been initially directed. 
Yet, numerous as these applications are and embracing in the aggre-
gate a considerable amount of land, the individual tracts applied for 
are relatively inconsequential when viewed against the bulk of the 
remaining public domain. Accordingly, classification of the parcels 
embraced in applications can be considered as only one phase of the 
work of classification in the General Land Office. The ultimate goal 
is, of course, the classification or classifications of all the public 
domain. 
What are the problems relating to the public domain lands and 
to what extent and in what manner is land classification looked to 
for solution of these problems? It is only necessary to give but brief 
study to the public land history to discover several of the problems. 
There is always a tendency on the part of some to use the public 
land for purposes for which it is definitely not suited. Most of the 
remaining public domain is. unfit for farming yet many still persist 
in the attempt. Then there are the conflicts existing between private 
and public use, the relationship of public or private ownership to 
interests of the local community, and the problem of economic loss 
resulting from failure to achieve the most beneficial use of the land. 
Competition for the better portions of the public domain between 
. individuals, between individuals and public agencies, and between 
public agencies themselves, creates .conflicts which must be resolved 
in the public interest. Land classification has undertaken to provide 
information which will correlate disposal with conservation and 
development in so far as such correlation is practicable. 
In arriving at a broad objective toward which to point land 
classification the General Land Office had the advantage of a definite 
mandate through the Secretary of the Interior from the Congress. 
Classification has as its broad objective aid in promoting conservation 
and prudent use of the public domain. Within this broad objective 
it is required that land classification be utilized to prevent unwise 
settlement on, or unwise use of, the public lands, to determine recom-
mended uses consistent with their use capabilities, and to indicate 
policies and programs necessary to effectuate proper land use. 
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To prevent unwise use is the immediate task of classification in 
the Land Office. This' phase is admittedly an important and necessary 
part of the classification work. The problem of preventing people 
from engaging in enterprises on the public land, which have little 
or .no hope for success and which would react adversely on the wel-
fare of the individual, the good of the community, and the conserva.:. 
tion of land resources, requires immediate attention. Admittedly, 
this classification of individual parcels leaves much to be desired 
from the standpoint not only of the classification itself, which in many 
instances must be predicated on ·meager data, but of the failure to 
determine an alternative use consistent with the use capabilities of 
the land. As basic data are assembled and as the limitations of time 
and personnel admit, improved classification of individual parcels 
should result and the work should expand to include a general classi-
fication of all the public domain. Already, through classification of 
the individual tracts, certain desirable changes in the public land 
laws have been revealed. 
While the objectives of land classification in the Land Office 
may be simply stated in a general way, the est?-blishment of criteria 
for classification is a more complex matter. This complexity is 
induced by several factors. Confronting classification are the diverse 
laws under which disposal of the public lands may be made. Under 
certain conditions lands may be disposed of by several types of 
homestead entry and by public sale. There are also the Desert Land 
Act, the Timber and Stone Act, various lieu selection acts, the Five-
Acre Tract Act, and a number of leasing acts. Each of the several 
acts sets up a different set of conditions under which disposal can 
be made and these diverse conditions require the employment of 
varying criteria. . 
To illustrate, let us examine a homestead entry application. The 
homestead law requires that before patent is issued the applicant 
must cultivate a certain portion of the land and reside thereon for a 
prescribed length of time. Prospective homestead applicants are 
informed that there must be a reasonable showing that the topo-
graphic, climatic, and other conditions are such as to present a 
reasonable assurance that the applicant would be able to make a. 
livelihood from the agricultural use of the land. 
The work of land classification in connection with homestead 
applications begins with a determination as to whether the applica-
tion conflicts with any State or Federal land acquisition or land 
utilization project. This determination is made from information in 
the ·office, which is kept reasonably current, or by inquiry to the 
agencies ~n charge of various public land utilization projects. Other 
determinations are made as to whether or not the land applied for 
lies in an area where problems of needed land use adjustment are 
serious, as to the probable effect of disposal on these problems, and 
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as to the effect which disposal might have on local public costs, such 
as for schools, roads, and other public services. Then there is the 
relationship of the proposed use to the use capabilities of the tract 
applied for, considering the physical characteistics such as climate, 
soils, relief, and natural cover, the proposed type of farming or other 
use, the size of the operating unit which the tract would provide, and 
the general economy of the area. 
In the final analysis, the classification of a homestead tract is 
designed to show whether or not the applicant can make beneficial 
use of the tract and fulfill the legal requirements without detriment 
to himself, the local community, or the public generally. Various 
combinations of factors exist for different sections of the country. 
A homestead in Alabama is very different from a homestead in, 
say, western Colorado, for between the two areas there are wide 
variations in climate, soils, and type of farming. The criteria for 
classification of lands embraced in homestead entries must, therefore, 
be sufficiently flexible to meet all conditions of geographical dis-
tribution. 
As an example of the varying criteria induced by the legal re-
quirements let us briefly examine an application for the purchase 
of an isolated tract of the public domain under the provisions of 
Section 14 of the Taylor Grazing Act. This section authorizes the 
Secretary of the Interior to order into market and sell at public 
auction "any isolated or disconnected tract or parcel of the public 
domain . . . which, in his judgment, it would appear be proper to 
expose for sale." 
As opposed to the requirements for homestead entry, there is 
here no question of cultivation or residence. The question is largely 
one of public interest, which usually in these cases centers on con-
servation. Inasmuch as the land is offered at public auction, there 
exists no assurance that the applicant will be the purchaser. There-
fore, even though the applicant declares the use to which he intends 
to put the land, the actual purchaser, if other than the applicant, may 
devote the land to an entirely different use. Therefore, in connection 
with public sales, the relationship between probable use and the use 
capabilities of the tract is the vital 'factor. Probable use can gener-
ally be determined by examination of the land use economy prevail-
ing in the vicinity of the tract. The determination of use capabilities 
is much facilitated for public sale tracts by the required field exam-
ination and appraisal. Each public sale tract is examined and reported 
on by a representative of the Department. 
What constitutes the public interest? This varies with each 
locality and oftentimes with each tract in the same locality. It may 
be that the lands must be continued in public ownership and under 
public administration because of their public range value. They 
may contain public water reserves. They may have scenic, recre-
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ational or archeological value or they may be required for watershed 
protection or the prevention of soil erosion. They may be required 
for national defense. The ownership pattern must also be watched. 
When an application is received from an applicant with no other 
land, to purchase a small tract surrounded by private holdings, and 
the tract applied for could carry at the most, two or three animal 
units on a twelve-month basis, there is reason for apprehension: that 
the applicant has no legitimate use in mind to which the land could 
be put. Rather there is some basis for assuming that it would be 
used for its nuisance value or for speculation. 
Essentially, the classification of public sale tracts parallels the 
classification of homestead tracts with respect to determination of 
their natural land· type. From that point on a different set of criteria 
come into use. 
Although explanation of each of the several methods of acquiring 
parts of the public domain would be required to indicate fully the 
conditions confronting classification in the General Land Office, 
mention of one other type of application should suffice to complete 
the illustration. This type of application is the desert land entry. 
The law defines desert lands as all lands exclusive of timber lands 
and mineral lands which will not, without irrigation, produce some 
agricultural crop. The possibility and feasibility of irrigation here 
enter the picture. Generally applicants' plans are more or less super-
ficial and overly optimistic. The latter condition, incidently, is com-
mon to many other of the proposals to acquire and use the public 
lands. Obviously, lands included in desert land entries must be classi-
fied as irrigable or non-irrigable. This entails investigation of the 
soils, the lay of the land, the water supply, water rights, availability 
of power for pumping operations, and natural cover and cost of 
clearing and preparing the land. Residence is not required on a 
desert land entry; therefore, it is not necessary to make investigation 
as to roads, schools, and other public services to the extent required 
in homestead cases. The possibility and feasibility of irrigation are 
the controlling factors. 
Throughout these illustrations reference has been made to sources 
of information which are consulted during the classification work. 
The General Land Office has not been a research organization and 
at the present time · facilities for making field investigation are 
limited. It must depend to a great extent on other organizations for 
its eyes. There are, of course, many data available in the survey 
files of the Land Office, and the Land Office state maps are used for 
primary reference. Within the Department of the Interior, the Geo-
logical Survey material, including the topographic and geological 
maps, the water supply papers, the geology and ground-water papers, 
and the various professional papers and bulletins are used. Material 
is kept on file. from the National Park Service and the Office of 
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Indian Affairs. The Grazing Service and the Division of Investigations 
through their field representatives make field investigations both as 
a part of the regular procedure and upon special request. 
There has been no hesitancy in reaching outside the Department 
of the Interior for pertinent information. To mention 'a few of. the 
agencies, which knowingly or unknowingly have contributed to the 
General Land Office land classification files, would involve the risk 
of failing to mention others which have also contributed. Assuming 
this risk, it seems proper to acknowledge the aid received from the 
publications of the Soil Survey Division, the Forest Service, the 
Bureau of Agricultural Economics, and the Soil Conservation Service, 
all in the Department of Agriculture. In the relatively brief space of 
time since land classification was set up as part of the regular func-
tions of the General Land Office considerable progress has been made 
toward assembling, and cataloging pertinent data. A nucleus of a 
reference file has been assembled yet a great deal of work remains 
to be done along this line. The cooperation already evidenced by 
those agencies and persons in a position to furnish these data makes 
superfluous any additional request for cooperation at this time. 
There is, however, one point which could be stressed. To the 
greatest extent practicable under the administrative routine pre-
scribed by the laws and regulations, the General Land Office· is 
anxious to cooperate with other Federal land use agencies in pro-
mulgating the better use of land, particularly in those areas where 
sufficient public domain exists as to constitute a major influence. 
To this end the Land Office has attempted to inform itself as to 
the land utilization and land acquisition projects of all Federal and 
State agencies in those · areas which are likely to be affected by 
disposal or administration of the public domain. Obviously, it is 
impossible to submit to other organizations for their suggestions 
even a small proportion of the applications received. Present pro-
cedure is to check against records at hand and in the event a conflict 
appears to exist, to make direct inquiry, usually informal, of the 
interested agency. It is hoped that the agencies in charge of Federal 
and State land utilization and acquisition projects will assist us in 
keeping the records we have of these accurate and reasonably current. 
BULLETIN 421-LAND CLASSIF'ICATION 283 
LAND CLASSIFICATION FOR GENERAL LAND USE PLANNING 
C. P. BARNES' and H. A. VOGEL• 
To discuss properly land classification for general land use plan-
ning we must say what we mean by the term "general land use 
planning." Like the term "land classification," "general land use 
planning" means different things to different people. For purposes 
of this discussion general land use planning is defined as the process 
of formulating conclusions regarding the best relationships of man 
to land. It involves weighing the claims of all possible uses which 
may compete for a body of land, and from them choosing those which 
are best for the general or public welfare. General land use planning 
involves a choice of types of operating units, and of the related 
public facilities and organization which best serve the general wel-
fare quite as much as it does a choice between crops, pasture, and 
forest. It too gives full consideration to the characteristics, attitudes 
and abilities of people associated with the land. General land use 
planning is always planning with the intent of serving the public 
interest. General land use planning may be concerned with individual 
tracts or parcels as much as with large areas. ·General land use 
planning is not necessarily "generalized" land use planning. Its 
terms may be explicit and definite quite as well as general. General 
land use planning is general in that it considers all possible uses 
whose claims require consideration, and not merely some uses. It 
is that kind of land use planning wherein we try to set forth those 
uses of land that are the best for all of us together, that is, for the 
general public. 
An example may serve to make this clearer. Let us suppose 
that Springfield needs new fairgrounds. A commission sets out to 
locate a suitable site. Land use planning is used in the process of 
selection, but not general land use planning. A number of sites are 
considered and classified. Some are found to be unsuitable, others 
fairly well suited, still others very well suited. One in particular is 
found to be best of all, although several others are nearly as good. 
This site is purchased and the fairgrounds are built. Two years 
later Springfield finds it needs an airport. An investigation of suitable 
sites discloses only one really good site. This happens to be the 
site where the fairgrounds have just been built. Springfield needs 
an airport badly, so the fairground buildings are torn down to make 
way for the airport. General land use planning would have consid-
'Survey Coordinator, Office of Land Use Coordination, U. S. Department of Agri-
culture. 
'Principal Agricultural Economist, Division of State and Local Planning, Bureau 
of Agricultural E~onomics, U. S. Department of Agriculture. 
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ered the need for an airport, and indeed for parks, industrial sites, 
and all other community needs, in locating a fairground. 
County Agricultural Land Use Planning is an effort to carry out 
a program of general land use planning as defined here. Another is 
the development of long-time multiple-use plans being developed on 
National Forests. 
There is no need to labor the point that general land use planning 
is needed. It is well known that where no decision has been reached 
regarding which of two competing uses is best, conflicts in operations 
may arise, as for example, when new roads are built into cut-over 
land to facilitate its settlement at the same time as a State forestry 
department tries to buy the same land to use for forestry and pre-
vent settlement. 
To discuss land classification for general land use planning also 
compels us to consider two kinds of land classification, namely that 
which is a part of the land use plan itself, and that which is used by 
the planner as a tool to help in making the plan. It is perhaps unfor-
tunate that land classification has come to mean so many different 
things. There seems to be nothing to do but recognize this as being 
the case and take account of it. 
Land classification is not merely something to be used by planners 
as a help in making land use plans. One form of land classificatioti is 
part and parcel of virtually every land use plan. A land use plan 
among other things must show how definite bodies of land are to 
be used. If the plan shows that some bodies are to be used differently 
than others, the bodies of land are in effect classified according to the 
uses to which they are to be put. Looked at in a slightly different 
way, the expression of the land . use plan on maps, together with 
specifications as to how the different groups of areas shown on the 
map are to be used, constitutes a form of land classification. 
Other forms of land classification such as those which classify 
land according to its characteristics, its use, its crop yields, its yield 
expectancy, or its use capabilities, can be useful in helping to. reach 
the decisions set forth in a land use plan. 
Land classification, considered as part of the end product of 
general land use planning, classifies bodies of land according to the 
uses to which they are best suited. By this we mean the best uses 
that we can figure out. There may, of course, be several uses that 
appear equally good. The process of deciding what these uses are 
is in effect a process of deciding what is good for people. 
When land classification sets forth uses of land that are best, 
that is, best for people or for society, it ceases to be merely a technical 
process and becomes a problem in social philosophy and political 
economy. There is no technical process which will tell, in all cases, 
what use of land is best for people. Suppose, for example, it becomes 
necessary to show in a land classification which areas are better 
BULLETIN 421-LAND CLASSIFICATION 285 
suited to forestry than to farming. Suppose it is found that the total 
income likely to be derived from farming on one particular area 
slightly exceeds the income likely to be obtained from forestry or 
any other use. However, with the best type of farm that can be 
imagined for the area, it is unlikely that the farmer of average ability 
would get more than $500 a year for himself and family to live on. 
It must be decided whether land that in farming will give an income 
of no more than this can be said to be suited to farming. Is this a 
level of living which we will tolerate? The question is not one of 
fact but of philosophy. Technical data alone can not provide the 
answer. If we were certain that no other opportunities existed or 
could be provided anywhere to return a higher level of living to 
the families who might use this area, then perhaps we could agree 
that farming was its best use even at this level of living. But we can 
not be certain of this, hence we must base our decision on something 
more · than purely technical analysis. 
In another instance, it might be necessary in classifying land 
according to its best use, to decide whether stock ranching which 
would return one family an income of $2,000 annually, was a better 
use than grain and livestock that would give four families an income 
of $600 annually. Here again the mere analysis of facts can hardly 
give us the answer, although they may help us get a more reasonable 
answer. 
According to our social philosophy, judgment as to what is good 
for people must be passed by the people. Land classification which 
presumes to set forth what is good for people should therefore be 
developed so as to provide for widesread citizen participation in its 
preparation. This is one of the basic features of the cooperative land 
use planning program sponsored by the Land Grant College and the 
Department of Agriculture. 
Participation by the people in the preparation of land classi-
fication setting forth "best" land use, does not mean that the technician 
has no part in the process. On the contrary, the technician's contri-
bution is no less significant because it is not the sole contribution. 
If the people participate in reaching the decisions expressed in a land 
classification they should not reach these decisions blindly. They 
should have the benefit of all the technical facts and considerations 
which technicians are able to supply. True, their own experience 
in using the land, in operating their farms, or their forests, will give 
them an insight into the desirability of different alternatives. But 
there are some things which can not be drawn from their own ex-. 
perience, but which nevertheless need to be taken account of in 
reaching decisions. Trends in consumer demands, the outlook for 
export consumption, the existence of competing areas and their ad-
vantages, are things which local experience ean not supply. Here the 
technician helps. New land management or production techniques 
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can be brought to the attention of the planning group by the tech-
nician. By seeing that groups participating in land classification for 
general land use planning are aware of all important considerations, 
technical and otherwise, the technician may exercise a profound . 
influence on the decisions expressed. This joint participation of tech-
nician and community group in the development of land classification 
will insure a product much more likely to be taken seriously and 
used in actual operation. By reason of agreement between technician 
and community group a more sound and more useful classification 
may be realized. 
In this cooperative land classification there should be citizen 
participation in making the recommendations which the land classi-
fication expresses. Too often the technician regards the farmer or 
other citizen as merely sources of information to help him make his 
classification. The classification that carries weight with the com-
munity is that which is a product of its own thought and labor. 
Frequently we hear expressed the view that land classification, 
to show uses to which the land is best suited, is of academic interest 
mainly, since we lack the means to achieve those uses which the 
classification shows to be good. Of what use is it, it is asked, to point 
out by means of land classification, that an area is unsuited to farm-
ing, if that area is used for farming by people who appear to have 
no other place to go. Are we justified in asking community groups 
to spend their time doing land classification work as a part of land 
use planning, when there seems to be no immediate chances of mak-
ing the adjustments which would be necessary if the recommended 
uses of land were to be brought about? Can we expect people to 
undertake such work when no visible results from it are promptly 
forthcoming? 
In answer to these questions we point out that land classification 
of this kind should be regarded as a directional guide which may 
have great influence in causing operations to move in the direction 
of good land use rather than away from it. It means that when 
we have an opportunity to influence land use, as we do when Farm 
Security makes a rehabilitation loan, or when county commissioners 
build a road, that we use that opportunity to move in the right 
direction-the direction which our land classification indicates. Grad-
ually we come nearer and nearer toward the goal of desirable land 
use, not forgetting, of course, that the goal will shift, meaning that 
our land classification must be reviewed and revised from time to 
time. 
On the other hand, a fear has been expressed that land classi-
fication, indicating as it does that some uses are undesirable, may 
give rise to drastic restrictive action on the part of credit agencies 
and others, thereby cGtusing suffering. It is felt that this fear may 
cause community groups to be reluctant to classify areas in any way 
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which shows them in an unfavorable light. No doubt such fears are 
felt. They can be allayed only by repeatedly emphasizing the fact 
that our land classification and our general land use planning of 
which it is a part, is a directional guide, something for the long pull, 
rather than a dictate for sudden and drastic adjustment. 
Both of these apprehensions, namely that adjustment may not 
be prompt and that it may be too prompt should be dispelled by 
this understanding. 
Of course, we should lose no opportunity to take steps in the 
direction of the land use goal whenever the opportunity provides, 
so that interest in the plan and classification may not languish 
from lack of results. 
Let us turn from the kind of land classification which is part of 
the land use plan itself and which requires community participation, 
to those kinds which are technical processes, and which are helpful 
tools for . use in making the land use plans. Briefly, there are three 
broad types of land classification which require consideration in 
this connection. They are: (1) classification of land in terms of its 
inherent or physical characteristics, (2) classification of land in terms 
of its present use and characteristics thereof, and (3) classification 
of land expressing its potentialities for different uses, as for example, 
the classification of land in terms of the yield of corn that may be 
expected under a stated type of management. All of these no doubt 
contribute to the making of intelligent decisions o:ri the part of 
community planning groups. But the first, and the third (which is 
built upon the first as· a base), seem almost indispensible. 
A classification of the land which delineates bodies having dis-
tinct physical characteristics, and classifies the delineated bodies 
according to those characteristics, enables us to give accurate geo-
graphic expression to our land use planning. Furthermore, it tells 
what areas are physically similar and what are dissimilar, and if 
they are dissimilar, it tells us in what respects they are dissimilar. 
The nation-wide Soil Survey is a good example ')f this kind of classi-
fication. The value of the Soil Survey lies not merely in that it shows 
the physical characteristics of the land, but also in that it shows them 
according to a consistent scheme throughout the country. This en-
ables us to know that a body of land in Iowa is the same in all essen-
tial physical respects to one in Illinois, and that a body in Michigan 
while appearing superficially to be the same as one in Wisconsin, 
differs in respect to one important and stated characteristic. It en-
ables us to say that the results of our experience or our experimenta-
tion, accumulated· in one locality, may be applied to particular areas 
to which we can give definite geographic limits on maps. 
To be useful in land use planning, however, the behavior of 
these physically defined and characterized classes of land under 
defined types of treatment must be known. This means that the 
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mere mapping and classification of physically defined areas must be 
supplemented by experimental research and by careful recording 
of experience, if it is to serve its most useful purpose as an aid to 
land use planning. This research should accompany the physical 
classification, and should be so organized as to disclose what response 
can be expected from each of the important classes of land under 
given types of use and levels of management. Once a body of know!~ 
edge of this kind has been gained, it enables us to classify land in 
another way, namely according to its potentialities. It enables us 
to say that if land is used for such and such a purpose, and treated 
in such and such a way, that such and such results may be expected, 
as for example, that if spring wheat is planted on summer fallow a 
yield of over 22 bushels to the acre may be expected on some land, 
15 to 22 bushels on other land, and 8 to 15 bushels on still other. 
This kind of land classification, which shows the expected result 
in quantitative physical terms, of using land in given ways is one 
form. Another form is that in which the capabilities are expressed 
merely in relative, rather than in quantitative terms. In this form 
we have the familiar "grading" type of land classification-Grade I, 
Grade II, Grade III and so on, meaning best, second best, third best 
land, usually for farming. While interesting, and no doubt useful, 
this form of classification falls short of being as helpful as one in 
which potentialities are expressed quantitatively. Land classification 
which merely shows that one piece of land is better or worse than 
some other piece seems unnecessarily limited in usefulness. 
On the other hand, with a classification which gives for each 
class the expected yields under different uses, and the management 
practices which give them both expressed in quantitative physical 
terms, prices may be applied to the unit of product and of treatment, 
and costs and returns determined by the familiar budgeting process. 
Comparative returns under different uses and practices may thus 
be predicted. 
These are classifications for the technical worker to make. They 
involve no decisions as to what is good or bad. No use is recom-
mended above any other. They set forth in orderly fashion, (a) facts, 
and (b) predictions as to the probable results of using land in given 
ways. They are devoid of the subjective or philosophical influence. 
But they give the planners a means of testing the reasonableness of 
decisions about what is "best." · 
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DISCUSSION 
J . 0. VEATCH1 
Rural land planning has been widely discussed in academic circles 
and in the numerous official conferences held during the past few 
years, but still more discussion and work will be necessary to deter-
mine the practicality of the ideas which have been advanced and to 
translate thought or talk into sound action. 
If unanimity of opinion is lacking among those who have con-
sidered themselves qualified to propose and discuss rural land planning 
as to what it is intended to accomplish and how it is to be put into 
effect, it is hardly to be expected that the general public would have 
any clear notion of what is involved. Further, it is not probable that 
any very considerable number of the people who are most likely to 
be directly affected, namely, rural land owners and farmers, have 
yet given the matter very much thought. 
Some people seem to have, or have had, the notion that the use 
of land throughout the whole Nation can be regulated, according to 
some superpattern, by Governmental agencies. Others who recognize 
the impracticability of planning so conceived may believe that some 
sort of local planning may be achieved; or that the work may be 
restricted to those sections where the problems are most serious, be-
cause of poor land or unfavorable economic conditions or both. In 
such fragmentary planning, however, there can be no uniformity in 
objectives and there is not likely to be coordination with any central 
plan for the Nation as a whole. Further, if planning is not to include 
all land, it may be argued that concern about the poorer land is not 
nearly as important as planning for the most efficient use and preser-
vation of the best land. 
Some may define planning as simply the application of land 
policies, but this is either merely a change in name, with the same 
notions involved, or, on the other hand, merely a weak admission that 
an impasse has been reached in thinking. Application of land policies, 
without the notion of regulated, or socialistic, planning by Govern-
mental agencies, is no more than what has been done in the past, 
both by the Government and individual land owners. This being 
so, discussion and conferences about rural land planning become 
merely "sound and fury signifying nothing" in particular. 
Those who give the matter of land planning serious thought and 
follow through the probable consequences of actµally putting into 
effect some particular complete land plan are likely to be stopped by 
the social, economic, and political complications. They may reach 
the conclusion that the human problems involved are more difficult 
to solve than the technical or engineering problems. 
'Professor of Soils, Michigan State College, East Lansing, Michigan. 
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Yet we may have a feeling that some more intelligent planning, 
than has obtained in the past, in the use of our land resources is 
necesary for local and National self-preservation, that some curb 
must be set upon unrestrained, opportunistic individualistic use of 
land, because of changed economic conditions and because the richest 
of our resources are being rapidly used up. Waste and ruthless ex-
ploitation can be prevented only by some greater Governmental 
control, implying greater legal compulsion, than has obtained in the 
past. We may assume that the trend toward greater Governmental 
control is both necessary and inevitable because of a concatenation 
of circumstances, just as in the past the "development" or exploita-
tion of natural resources could not conceivably have been restrained 
or different under the circumstances. 
In keeping with this social attitude and kind of thinking, it is 
proper that discussion of· rural land planning be encouraged to stim-
ulate public thought and action, and that existing organizations or 
new organizations engage in research, accumulate facts, and develop 
well-reason plans, which, although they may not be put into effect 
in toto immediately, nevertheless, may achieve some good. 
Objectives of Land Planning 
The grand objective of land planning is to achieve the greatest 
good for the greatest number. Most of us will doubtless agree to 
this in principle, but when specific and concrete statements are 
demanded as to what constitutes the "greatest good" and as to just how this magnificent objective is to . be attained in a particular 
locality, there is likely to be strong divergence of opinion. The 
cynical and skeptical are likely to asseverate that the majority 
of individuals, special groups, and separate classes of society are 
not now, and never have been in history, concerned about the greatest 
good to the greatest number, except · perhaps to give such slogans 
hypocritical approval or political lip service, but are primarily 
interested in. the greatest good, or profit, for themselves. Further, 
the realist is likely to maintain that planning, particularly the 
inflexible kind which involves the regulation of all land according 
to a superpattern, will be wholly ineffectual, or disastrous, since 
it implies greater wisdom and greater powers of prophecy than 
any single group of planners is likely to possess. Again, planning 
is likely to be met with the fatalistic argument that all that profes-
sional planners, or on the other hand the anti-planners, can do is 
to either accelerate or retard changes which are inevitable and bound 
to take place anyhow. 
The objective of planning may be economic, in that it is intended 
to bring about the use of land only for that purpose for which it is 
best suited and in the most efficient manner in order that we as a 
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Nation may successfully compete with other nations, or that individ-
ual states may compete with other states, or that established efficient individuals may be freed from the wasteful competition of the inef-ficient, or that depressing surpluses of products of the soil may be prevented. 
Planning may be advocated for purely selfish ends by profes-
sional groups as when rural zoning is proposed solely for the purpose 
of restricting agricultural use of land and not to apply to other uses; 
or it may be advocated for the primary purpose of reducing, or rather 
shifting costs of local government in road maintenance, rural schools, 
and rural welfare cases; or for the purpose of obtaining greater 
state or national subsidies. Narrow, limited planning requires only 
a corresponding kind of land classification. 
However, the objective may also be an ideal one; namely, con-
servation, the best use of all land for the prevention of waste both in natural and human resources. Having in mind this kind of land planning, the procedure for land classification may be discussed. 
Procedures 
In order to devise plans for any particular area, it will be generally agreed that certain basic facts regarding the physical 
nature of the land must be obtained. This is technical work and 
should be done in a purely objective manner. This work embraces 
the classification of the soil, relief features, the cover of vegetation, 
the differentiation of natural land types, and the construction of land type maps. The essential economic data include: uses of land; kind of ownership of land; values of land; transportation facilities; 
and markets for present and potential products of the soil. The 
essential sociologic data include: distribution of population, rural 
and urban; kind of population; and living standards of economic 
status of rural classes. 
Amount and distribution of so-called sub-marginal land, or mis-
used land, and maladjustment of individuals should be known. Pos-
sibly the amount of improperly used land has been exaggerated. The criteria for classification of agricultural land, and the criteria for the rating of land for various non-agricultural purposes may need 
to be more clearly defined. The segregation of that arable land not 
needed at the present time for cultivated crops is particularly im-portant, in order that agricultural reserve land may be labelled and distinguished from that which is more likely to be adapted for per-
manent forests and recreation. The physical nature of the land, or 
a mere determination of the soil type, is not sufficient, but economic 
environment also must be considered in conjunction. On the other hand, the sole consideration of such economic details as amount of land abandonment, mopey income per farm, tax delinquency, classes 
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of farm buildings and present µse of land may result in a fallacious 
classification, unless the history of land occupation and the potentiali-
ties and probable durability of soils are also taken into consideration. 
Possibly the introduction of new crops, the improvement in farm 
practices, or change in size of individual land holdings and in type of 
farming may be the answer to better or more economic use of land. 
Government financial aid might bring about more successful use of 
land, for example, in clearing and drainage for enlargement of present 
farms and for increasing the pasturage value ·of land in the northern 
part of Michigan. 
A complete list of the kinds of factual information needed, or 
minute details of procedure, cannot be anticipated for every locality. 
If factual information is to be collected by organized surveys, it is 
assumed that those in charge will have sufficient competence and 
judgment to take care of details. 
Extended research into methodology of procedure is not highly 
important. The important thing is to find funds for maintaining an 
organized survey with a responsible head and disciplined subor-
dinates. Disjointed, a really incomplete, short-lived, uncoordinated, 
highly individualistic research may produce some ideas, scholarly 
papers, and theses for academic degrees but it is not conducive to 
the accomplishment of practical plans. When the work of a fact-
finding organization is complete in any particular area, the educa-
tional or extension work should begin, if the planning is to be of 
the persuasive or educational type. If planning is to be of the com-
pulsory, or statutory type, then procedure in practical politics, involv-
ing expediency and compromise, must be worked out, following or 
as a part of the educational procedure. 
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LAND CLASSIFICATION AS AN AID IN SOIL CONSERVATION 
OPERATIONS 
E. A. NORTON' 
In planning the use and management of agricultural land, the 
first and most important question to be considered is: What are its 
possibilities for use? Most American farmers and ranchers answer 
this question by using the land in a manner calculated simply to 
bring about the greatest return at ·the least cost. · The traditional 
attitude toward land-an attitude fostered by land plenty, the drive 
of empire building, such national policies as that embodied in the 
Homestead Act, and similar factors-has been to develop and exploit 
it as rapidly as possible with little regard for the consequences 
to the land . itself.1 This policy was not. necessarily unwise from 
the standpoint of the welfare of our country as a whole; indeed it 
contributed much to the rapid rise of the nation as a power in the 
world. Neither did it seem foolhardy as long as land was cheap and 
plentiful. But, it did produce a heterogeneous . pattern of land use. 
As Sauer stated it, "Our present land systems are the expression 
of economic experience to which sometimes must be added unintel· 
ligent habit.'" In recent years, we have learned that our laissez 
faire policy toward land settlement and exploitation has not only 
impaired and destroyed land resources, but wrecked the hopes and 
ambitions of thousands of our people. 
The gradual realization of these disastrous effects on a portion 
of our rural people has brought about a change in our traditional 
attitude toward the land and its use. We now believe that "The 
central public purpose in the use of land or soil for agriculture is 
that of sustaining on a relatively permanent basis the highest possible 
standard of living for the people of the United States."' This new 
policy is essentially one of conservation-it is an expression of con-
cern not only for the best use of land for the immediate private and 
public interest, but also with saving it for future use. To be of 
r.eal value in programs designed to meet the objectives of this new 
policy, a land classification must provide a basis for the most in-
tensive use consistent with preservation of the land itself, as a pro-
ductive entity. 
All productive agricultural lands can be divided into two cate-
gories: Those which will give a satisfactory yield for a protracted 
1Chief, Physical Surveys Division, U. S. Soil Conservation Service. 
1National Resources Board Report . . . December 1, 1934, p. 8. 
•earl 0. Sauer, The Problem of Land Classification, Annals of The Association of 
American Geographers, Vol XI, p. 4-1921. 
'Carl C. Taylor, Bushrod W. Allin, and 0. E. Baker, Public Purpose in Soil Use, 
Soils & Men, Yearbook 1938-p. 47. 
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period under cultivation without damage to the land; and those 
which need to be in permanent vegetation to produce a satisfactory 
return and preserve the land. A land classification should first answer 
into which of these two categories any tract of land falls. There is, 
of course, a third category of lands that are so poor or so lacking in 
favorable environment as to preclude any possibility of an economic 
return. These three categories appear to be the minimum number 
into which all lands can be divided in determining their possibilities 
for agricultural use. Simply stated, these three categories are: 
a. Lands suitable for cultivation. 
b. Lands not suitable for cultivation but suitable for permanent vege-
tation with grazing or woodland use. 
c. Lands not suitable for productive vegetation. 
Lands suitable for cultivation are placed in the highest category 
on the assumption that land of this kind will sustain a higher stan-
dard ·of living than land suitable only for permanent vegetation. 
The concentration of population on lands under cultivation is suf-
ficient evidence to justify this assumption. Naturally, lands suitable 
for permanent vegetation with grazing or woodland use should be 
placed above those not suitable for productive use of any kind. 
It is not uncommon to hear the remark that land classifications 
are most useful to the individual immediately concerned; implying 
that they have little general use. This criticism is valid only v,rhen 
the factors upon which the different classes are based are improperly 
evaluated, misunderstood or fail to take into account certain of the 
basic considerations. Probably the German system of land classi-
fication, the Bonitierung, was first to recognize that the quality of 
land should be based on its natural characteristics rather than the 
skill of the individual managing it. In other words, this system 
recognizes that the aptitude of the operator influences the return 
as well as the kind of land. Kellogg definitely pointed out the im-
portance of keeping physical land data sharply separate from transi-
tory economic conditions in making a land classification.' We may 
conclude then that there are three important groups of factors 
influencing the success or failure of land operations, and that these 
groups should be given consideration in the development of a land 
classification. These groups of factors are: Physical, economic and 
social. 
Since land is a physical entity, and since it is the land that 
is being classified, it is both necessary and logical to start with 
factors of a physical nature in making a land classification. It is im-
portant to recognize that it is difficult, if not impossible, for men 
•Charles E. Kellogg, A Method for the Classification of Rural Lands for Assess-
ment in Western North Dakota, 1933-Journal of Land and Public Utility 
Economics, 6 pp. 
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to make major changes in the land, whereas he can more easily con-
trol its economic and social environment. Also, technical and scien-
tific advancement in the physical field has been more rapid than in 
the economic or social and relatively more is known about the physical 
which can be subjected to exact mathematical calculation; and there 
is, moreover, a rather definite fixed ceiling of intensive use above 
which the physical status of the land can not be permanently main-
tained. A good land use program will involve the use of land in a 
manner as near the upper limit of intensity as is possible without 
destroying it as a physical resource, in consideration of the existing 
economic environment and the aptitude of the operator. 
The planning and operation of a program designed to conserve 
land and put it to its most effective· use in terms of the welfare of 
the people is a.ctually a whirl. ' That is, the factors in each of the 
three groups; physical, economic and social, are so interrelated that 
they must move forward in constant balance and coordination if the 
program is to be successful.' But, it is important that the significance 
of each of those different factors must be recognized and their 
influences separately evaluated in planning if the program is to be 
successful. 
Classes of Land According to Use Capabilities from the Physical 
Sl:andpoin:I:. 
The ultimate objective of land classification is invariably eco-
nomic, but until all factors; physical, economic and social, are clearly 
recognized, differentiated and correctly evaluated, it is unlikely that 
the classification will be entirely practical and can be widely used. 
Classes of land according to use capability from the physical stand-
point is not a complete system of land classification since it involves, 
as the name indicates, only physical factors. It is a starting point 
in land classification and is valuable only insofar as it may be used 
as a basis on which the economic and social factors can be correlated 
fo make a complete land classification. 
The classification of land according to use capabilities is not a 
new idea. It came into being, in fact, through the evolution of the 
erosion control and moisture conservation program of the Soil Con-
servation Service under the guidance and direction of Dr. H . H. 
Bennett. Cutler and Paschall pointed out the importance of physical, 
economic and social considerations in the development of an erosion 
control program in the Ohio Valley and indicated how the physical 
'Carl C. Taylor, Public Lectures and Personal Conversation. 
0H. H . Barrows, Geography as Hurn.an Ecology, Annals of The Association of 
American Geographers, Vol. XIIr, 1922 p. 1-14. 
Isiah Bowman, Geography in Relation to the Social Sciences, New York, 1934. 
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factors were used as a basis for reorganizing land use.' Bennett's Soil Conservation adequately describes the procedures used in the 
erosion control and moisture conservation programs throughout the 
country.• Colby predicted in his Presidential address to the Associa-
tion of American Geographers in 1935 that future land classification 
schemes would be sharpened and made applicable to specific tracts 
of land." Sauer in 1921 outlined essentially the theory upon which 
classes of land according to use capability are differentiated." Shantz 
in 1911 used the term capabilities of land when he developed his 
theory of natural vegetation as an indicator of the capability of land 
for crop production in the Great Plains area.11 Barnes used the term 
capabilities in 1936, recognizing that a "Determination of the capa-
bilities of land for use is in the nature of a forecast, and this is an 
attempt to combine the evidence and experience of what land has 
been producing with the knowledge of the most improved practices 
and measures adapted to the land would make it capable of pro-ducing.12 
The necessity of combining local experience with technical knowl-
edge demands that classes of land according to use capability be 
developed locally. Technicians, scientists, farmers and ranchers 
who are available and can furnish information based on technical 
knowledge and practical experience under conditions existing in 
the local area should assist in the development of the classes and of 
the recommendations for their use. 
The system of land classification according to use capability 
differs from the designation of local land use areas (the first step in 
county land use planning)," in that the potential use of the land 
is expressed in terms of its highest return under a permanent system 
of management. Present condition and past experience are most 
generally utilized in the first step in county land use planning. 
Not only does the practice of combining local experience with 
technical knowledge develop a workable land classification but these 
involved in the process acquire a very profitable common under-
standing. Techniques of the land are simplified and discussed in 
terms readily understood by every one. Experience of the local 
farmers and ranchers is interpreted in scientific terms and both 
'J. S. Cutler and A. H. Paschall, Physical Land Inventory for Replanning Land Use, Bulletin XVII, American Soil Surveyor's Association, 1936-p. 53-57. 
'H. H. Bennett, Soil Conservation, 1939. 
"Charles C. Colby, Annals of The Association of American Geographers, March, 1936-p. 1-37. 
1°Carl 0. Sauer, Opt. cited p. 1-16. 
11H. C. Shantz, U.S.D.A., Bureau of Plant Industry, 1911, p. 10. 12C. P. Barnes, The Value of Economic Studies in Determining The Use Capa-bilities of Land Classes, Soil Science Society of America Proceedings, Vol I-1936, p. 469. . 
"'County Land Use Planning Work Outline, No. 1-0ctober, 1938. 
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science and local experience are combined to develop a classifica-
tion designed to assist in obtaining good land management. 
Classes of land according to use capability are developed by 
weighing and interpreting the physical factors influencing land use, 
including the soil, slope, kind and degree of erosion, together with 
the most important features of environment, climate, drainage, bio-
logical activity, etc. 
As a basis for the development of classes of land according to 
use capability, soil conservation surveys of the area are used. Typi-
cally this survey involves the field mapping of the soil type, per cent 
of slope, condition of erosion, and present land use. Soil type is 
mapped according to the standard procedure which has been used 
by the Soil Survey of the Department of Agriculture in cooperation 
with States for many years. 
Per cent of slope is mapped in groups which have significance 
with respect to differences in the action of the environmental forces 
of the land. For example, if slopes of 6 per cent or more on a .given 
soil type cannot be cultivated safely, then 6 per cent would be taken 
as the dividing line between two slope classes on that soil. As a 
rule at least five slope classes are recognized, in order to express 
adequately the slope factor for determining use capabilities. If the 
soils in an area vary in erodibility (referring only to water erosion), 
a different set of slope classes is established for each group of soils. 
Erosion conditions are mapped using symbols to express the 
kind (sheet, gully, wind) and the degree of erosion. The degree of 
erosion is determined by estimating the percentage of the original 
top soil or subsoil that has ben removed or that remains. The symbol 
l, for example, indicates that less than 25 per cent of the original 
topsoil has been lost, and 2 is used where the loss has been at least 
25 per cent but less than 75 per cent of the original topsoil. Areas 
that have received accumulations of material, as a result of either 
wind or water erosion, are also shown on the map. 
These three physical factors, soil type, slope, and erosion, are 
shown by multiple-part symbols enclosed by boundary lines. A 
boundary is drawn wherever any one factor changes. 
Present land use is shown on the field sheets by a separate set 
of boundaries and symbols. The present land use is not taken into 
account in the development of classes of land according to use capa-
bilities but it is used in developing a management plan for land. 
Four groups of factors are considered in developing the classes 
of land according to use capability: (1) Permanence of the soil if 
cultivated (susceptibility to erosion); (2) productivity of the soil as 
conditioned by native fertility, capacity for retention_ and movement 
of water, salt content, aeration, or other factors; (3) the presence 
·of any factor that would interfere with cultivation, such as stoniness 
or a hardpan la,yer; and (4) the physical environment, including par-
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ticularly climate (temperature and precipitatfon) and biologic ac-
tivity. 
The classes of land are not to be considered permanent in char-
acter since it is obvious that the introduction of new practices or the 
refinement of old ones will increase the potential use of the land 
with improved methods. It may be possible to cultivate some land 
that could not have been previously cultivated or increase the return 
from some lands whose best use is now permanent vegetation by 
introduction of new practices. Also, changes in the land may take 
place due to an unusual event in nature such as a cloud burst or 
severe wind storm, etc. Sauer has already pointed out that one can 
hardly hope for a permanent classification since the significance of 
a body of land may be changed by drainage or irrigation, or the 
coming of pests, or by soil erosion, or in many other ways. The intent 
behind land classification according to use capability is merely to 
establish a national basis of classification which would be good for 
a generation or two." 
Eight classes of land according to use capability from the physical 
standpoint have been recognized. They are briefly and more com-
pletely defined as follows: 
a. Suitable for cultivation 
I. Without special practices. 
II. With simple practices. 
rII. With complex or intensive practices. 
IV. Suitable for occasional or limited cultivation. 
b. Not suitable for cultivation; suitable for permanent v~etation 
with grazing or woodland use 
V. Not more than slightly susceptible to deterioration and not requiring 
special practices or measures. 
VI. Moderately susceptible to deter ioration therefore requiring moderate 
restrictions in use with or without special practices or measures. 
VII. Highly susceptible to deterioration requiring severe restrictions in use 
with or without special practices. 
c. Not suitable for productive vegetation 
VIII. Not suitable for cultivation, grazing, or woodland use. 
Class I-(Green).-Land that, from the standpoint of inherent 
soil characteristics and environmental features, can be cultivated* 
permanently and safely with the production of moderate to high 
yields of the adapted farm crops without special practices or measures. 
Land placed in class I must have all of the following character-
istics: (1) It is suitable for cultivation, that is, cultivation is not 
impeded · by stones, rock ledges, a permanently high-water table, or 
any other condition that would interfere with the use of machinery 
for tillage. (2) It can be cultivated safely and permanently without 
" Soil Conservation Survey Handbook, 1939, USDA Misc. Pub. 352, Classes of 
Land According to Use Capability. 
*Cultivation as used in these definitions means tillage of the soil, such as is 
practiced with intertilled crops and in preparing land for grain crops. 
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special practices for the control of erosion, that is, erosion-promoting 
crops, such as corn or cotton, can be grown without danger of ap-
preciable accelerated erosion. (3) It retains and supplies enough 
moisture and contains sufficient plant nutrients for the maintenance 
of those physical, chemical, and biological conditions in the soil that 
favor continued production of moderate to high yields of farm crops. 
Ordinary soil-building practices, including crop rotations and the 
use of fertilizers and soil amendments, may be commonly used on 
land of class I. 
In every instance the capability appraisal of the land is to be 
based on conditions existing at the time of mapping. In this con-
nection it is well to recognize the fact that where an uneroded or 
but slightly · eroded cultivated area is sufficiently steep to be sus-
ceptible to destructive washing, this susceptibility is in itself a present 
condition. 
Class II-(Yellow).-Land that, from the standpoint of inherent 
soil characteristics and environmental features, requires one or more 
special practices that are easily applied to be cultivated safely and 
permanently with the production of moderate to high yields of the 
adapted farm crops. 
Special practices include soil-conserving measures, such as con-
tour tillage, strip cropping, and terracing, the removal of stones that 
would interfere with cultivation, the installation of tile drains, or 
any other practices that require special attention. Soil-improving 
practices, such as rotation of crops and the use of fertilizers and 
lime, have become well established as ordinary practices in many 
parts of the country and are not generally considered special prac-
tices in those areas. Where these practices are not commonly used, 
they are to be considered as special practices. 
Class III-(Red).-Land that, from the standpoint of inherent 
soil characteristics and environmental features, requires complex or 
intensive measures in order to be cultivated safely and permanently 
with the production of moderate to high yields of the adapted farm 
crops. 
Classes I, II, and III, as has been stated, include all lands that 
can be recommended for regular cultivation. 
Land of classes II and III may be characterized by one or more 
of at least three different sets of factors: (1) Susceptibility to erosion 
if cultivated, (2) some physical obstacles such as stoniness or poor 
drainage, or (3) low productivity that requires special soil-improving 
practices other than those common to the locality for production of 
at least moderate yields of crops. Any one of these factors will cause 
land to be classified as II (rather than I), and in general two or more 
co-existing factors of such a nature, as well as a single factor of 
sufficient degree, would cause land to be placed in class III. 
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Class IV.-(Blue).-Land that, from the standpoint of inherent 
soil characteristics and environmental features, is not suit able for 
regular or continuous cultivation with the production of moderate 
to high yields of the adapted crops, but with adequate protection 
is suitable for uses that may involve short periods of cultivation. 
Land in class IV may be characterized by steep slopes, severe 
erosion; physical obstacles, such as stoniness or very poor drainage; 
low productivity; or other qualities that . make it unsuitable for reg-
ular cultivation. Some of the land in class IV may be safely used for 
occasional cultivation, such as plowing to renew the stand of per-
manent pasture. Also, some lands on which the limitation for safe 
cultivation is in the proportion to the amount cultivated at any one 
time can be placed in this class. For example, cultivation of small 
acreages for supplemental feed crops in the Great Plains area pro-
vided the surrounding areas remain in grass. In some regions land 
placed in class IV because it is too steep for row crops may be used 
for annual legumes or close-growing grains, provided such crops 
are planted to maintain effective cover throughout critical erosion 
periods. 
Class V-(Dark Green).-Land not suitable for cultivation that, 
because of inherent physical characteristics and environmental fea-
tures, is not more than slightly susceptible to deterioration. It is 
capable of safe and permanent use for the production of some form 
of permanent, useful vegetation and is suitable for grazing or for 
forestry under management commonly employed in the area, without 
the application of special restrictions or measures. 
Grazing, pasture, or woodland in class V requires good manage-
ment for most efficient utilization. However, the land itself would 
not be subject to more than slight deterioration either by erosion 
or other causes, if good management practices were not followed. 
An example of lands in class V are those characterized by rela-
tively deep soils of low erodibility. Their permanent use for the 
production of vegetation suitable for harvesting is not inhibited by 
stones, rocks, high-water tables, saltiness or other conditions. Land 
· of this class can be used permanently without special practices or 
measures being employed. 
Class VI-(Orange).-Land that, because of inherent physical 
characteristics and environmental feactures, is moderately susceptible 
to deterioration, therefore requiring moderate restrictions in use 
with or without special practices. 
Lands in class VI require restrictive management with or without 
special practices in order to provide cover adequate for land con-
servation and still allow harvesting of the vegetation. 
An example of lands in class VI are those on rolling to steep 
slopes, of moderately low water storage capacity, moderate saltiness 
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or alkalinity, moderately damaged or moderately susceptible to 
erosion. 
Class VII-(Terra Cotta).-Land that, because of inherent phys-
ical characteristics and environmental features, is highly susceptible 
to deterioration, therefore requiring severe restrictions in use with 
or without special practices. 
Practices needed on land in class VII are similar to those applic-
able to class VI, except that more practices may be required or 
practices must be more intensively applied to prevent or minimize 
deterioration. 
An example of lands in class VII are those of very shallow soils, 
low-water storage capacity, high-water table, severely damaged or 
highly susceptible to erosion. 
NOTE: Land in classes V. VI and VII should be subdivided, when applied to 
local areas, on the basis of whether it is suitable for grass land, woodland 
or a combination of both. Subdivision on the basis of other physical features 
may also be made and may be necessary in certain areas to differentiate 
fundamental land conditions. 
Class VIII-(Purple).-Land not suitable for cultivation or for 
the production of useful, permanent vegetation which may be har-
vested under grazing or woodland use. 
Classes of land according to use capability have been defined in 
general terms and before application is made to a specific area, their 
definitions must be sharpened or modified in accordance with local 
conditions. Therefore, the classes may not be precisely comparable 
from area to area but will be in general conformity over the entire 
country. This reflects the dynamic rather than static condition of 
land. Also, it provides for changes as additional technical and scien-
tific knowledge applicable to the land area is developed. 
It should be understood that classes of land according to use 
capability indicate the maximum intensity of agricultural use that 
can be practiced safely. In addition to the physical inventory, the 
economic advisability of cropping systems, farming practices and 
measures, together with farming enterprises must be given consider-
ation in making a farm plan. In other words, classes of land accord-
ing to use capability are to be used as a background against which 
the economic and social factors of a particular farm or area can be 
considered in recommending changes in land use. 
Since both grass and trees become re-established slowly, im-
mediate recommendations for use of grazing land or of woodland 
may in some instances be guided fully as much if not more by the 
kind or condition of existing vegetation as by the physical capability 
of the land. This fact does not affect the classification of use capa-
bility but may be very important in determining yearly management 
recommendations. 
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Any land placed in a particular class must give satisfactory 
returns for the use to which it is best adapted-return in competi-
tion with other lands producing similar crops or vegetation. No 
attempt is made to consider the requirements of different crops in 
the general classification; neither is emphasis given to variations in 
productive capacity in the major categories. Since this is a physical 
classification the assumption is made on the basis of local experience 
and applied knowledge that the return from a tract of land will be 
satisfactory when it is used for the purpose indicated by the classi-
fication. 
Subdivision of the major classes into groups on the basis of soil 
types, topography or some other physical factor, is advisable provided 
the recommendations of crop rotations, practices and measures to be 
used for each subdivision are uniform. It is not believed that the 
breakdown into groups can be successfully shown on a map. Likely 
the map has served its purpose when it indicates the location of and 
differentiates between the major classes of land. Charts or tables 
indicating the recommendations for crop rotations, practices and 
measures which accompany maps showing classes of land will always 
show the productive index or comparative productivity of the land 
in each subgroup. 
The productivity of any tract of land is of major importance in 
planning its management. Yet, it is not a simple task to convert the 
productive index or the productive rating of soil types into actual 
producing capacity. Wide variation in productivity exists within 
a given soil type. In fact, Murray has pointed out that variations in 
depth and fertility in the surface soil within a given soil type often 
may be responsible for a greater range in productivity than the 
range between two different soil types." Productive ratings are not 
made to be applied to individual farms or fields but to the average 
of the soil type as it occurs throughout the area in which is has been 
mapped. J;'roductive ratings are developed largely from yield data 
obtained from past records and do not necessarily indicate the trend 
of yields in the future. They furnish additional assistance in deter-
mining the capabilities of the land for production and should always 
be used where available but should be considered as an aid in 
appraising productivity and never applied directly." 
The different classes are shown on maps by color over-printing 
as is indicated in the "Erosion and Related Land Use Conditions on 
the Crooked Creek Project, near Indiana, Pennsylvania.'11' These 
colors differentiate the major classes on the map and indicate how 
~'William G. Murray, Farm Appraisal, 1940, p. 62. 
"J. K A.bleiter, Productivity Ratings in the Soil Survey Report, Soil Science 
Society of America Proceedings, Vol. II, 1937, p. 415. 
i'Erosion and Related Land'Use Conditions on the Crooked Creek Project, Indiana, · 
Pennsylvania. Erosion Survey No. 16-USDA. 
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the basic physical techniques and science of proper land use can 
be simply shown and easily understood. Underneath the colors, the 
soil conservation survey information can be found, that is, the dif-
ferentiation of soils, slopes and degrees of erosion. This more precise 
information is used by the technicians or advanced farmers in deter-
mining more exact recommendations for crop rotations, fertilizer 
treatments, etc., adapted to a specific tract of land. In fact, the soil 
conservation survey map at a scale of 4" to the mile shows soil types, 
slopes and erosion in more detail than has ever previously been widely 
attempted on a published map. Not only is this detailed physical 
information useful in more refined farm planning, but it is available 
as the physical background for areal and regional planning. It is 
useful in land appraising to extend farm credit, in planning future 
road and highway systems, in private or public land purchase and, 
in fact, as a guide to all types of soil researches and land operations. 
Classes of land according to use capability may be developed 
from both reconnaissance and detailed land inventories. Naturally, 
when developed from generalized information obtained by recon-
naissance survey, the classes are not applicable to specific farm units. 
Their w;;e when developed from reconnaissance survey data should 
be limited to those areas where regional or project plans must be 
developed before detailed information can be obtained. 
The immediate use made of maps showing classes of land accord-
ing to use capability is in the educational program preceding the 
initiation of detailed farm planning in soil conservation districts. This 
practice is proving to be a very effective method of informing the 
farmer, rancher and woodsmen of the possibilities of their land for 
production and best use. The scheme is now being used in several 
hundred acres, including soil conservation districts, in more than 
a score o~ States. In fact, maps showing classes of land according to 
use capability are given to farmers and ranchers early in the program 
of initiating farm planning for conservation of the land. They study 
the map in terms of their own farm or ranch while walking over it. 
They can readily see and easily understand the reasons why they need 
to devote certain tracts to specific uses or to employ certain practices 
and measures on other tracts in order that they can obtain the 
highest production without wasting the resources of the land. Many 
of the more simple and preliminary steps in the reorganization of a 
farm or in planning for proper land use can be taken by the individual 
owner or operator following a series of explanatory community 
meetings by using the map . as a guide. Such procedure saves much 
of the technician's time in completing a farm plan. It may be im-
possible for farmers or ranchers to complete their own land reor-
ganization plan by themselves for some time to come in view of the 
fact that it is so difficult to impart all the technical, physical and 
economic information needed as a basis of developing a complete 
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farm plan. It is true that the lack of funds and personnel has made 
it possible for the farm planners to reach only a very small portion 
of the land operators and likely this condition will always be true. 
Therefore, maps showing classes of land according to use capabilities 
serve a real purpose since they materially assist in helping obtain 
conservation on the land at a more rapid rate. 
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DISCUSSION 
G. A. POND1 
I have never before been requested to discuss a paper which did 
not contain at least some important statement or contention with 
which I was in substantial disagreement with the author. Being 
naturally critical and argumentative, I therefore find my style dis-
tinctly cramped in presenting a discussion which is essentially an 
endorsement and support of the author's thesis. However, a careful 
perusal of Mr. Norton's manuscript and a diligent study and observa-
tion of the use being made of the type of land classification described 
in this paper in planning individual soil conservation programs with 
and by the farmer, force me to accept the role of supporting and 
supplementing the author's presentation. 
Mr. Norton has given us a general statement as to the purpose of 
classifying land according to land use capabilities. He has described 
the procedure followed in making the classifications and present ing 
them in map form. As a technical worker in the field of soil science 
he has concerned himself primarily with the mechanics of classi-
fication. Coming from the farm management field, I am, of course, 
interested in the process of classification but much more directly 
concerned with how effectively these classifications serve as a basis 
for planning a sound program of. erosion control and of balanced 
farm management for the individual farmer. 
As a background for this discussion, I visited recently Winona 
County, Minnesota, which is the first county in the United States to 
be completely mapped on the basis of land use capabilities. Here 
I interviewed the conservationists using these mappings as a basis 
of their operations. I visited farmers whose programs had been 
drawn up by S.C.S. conservationists on the basis of the standard 
type of soil conservation survey maps as well as those who were 
planning their own programs with land use capability maps as their 
guide and with the conservationist serving principally as a consultant 
and advisor. I interviewed · the various technical workers who had 
a part in making the classification and in supervising its use. I 
questioned the local extension workers and the specialist who con-
ducted a series of county program planning meetings in the county 
during the past year. I questioned all of these people closely as to 
their appraisal of the land use capability classification. For the past 
five years I, myself, have been conducting a detailed accounting 
project on a group of farms in this county in which the economics 
of soil conservation is the subject of major study and through which 
'Professor of Agricultural Economics, College of Agriculture, University of Minne-
sota, University Farm, St. Paul, Minnesota. 
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I have been in close touch with soil conservation operations as con-
ducted in demonstration areas, camp areas, and conservation districts. 
These intimate contacts with the local situation and the opportunities 
thereby afforded to observe and study the progress and effect iveness 
of erosion control in the county compel me to accept land use capa-
bility classifications not only as a sound but also as a desirable and 
necessary practice if the soil conservation work is to be expedited 
in the conservation districts. 
The thing that impresses me most strongly is the ease with 
which a land use capability map can be understood by the laymen 
in contrast to the standard soil conservation survey maps. The latter 
presents four distinct types of information-soil, type, land use, slope, 
and degree of erosion. The farmer understands the latter three, 
since they are fairly well within his observation and experience, and 
may know also something about soil types. However, in more than 
twenty years of field contacts with farmers in connection with various 
research studies, I have never yet heard a farmer refer to a soil in 
terms of the type name ascribed to it by the soil surveyor. I have 
been exposed to the usual soils courses that are included in most 
agricultural college curricula. I have also given considerable atten-
tion to soil type in connection with farm appraisal, type-of-farming, 
and similar studies. Even with this background I am not on easy 
speaking terms with soils as far as type names and characteristics 
are concerned. One can hardly hope that a large number of farmers 
will ever . be able to interpret soil types easily and effectively. Some 
simple groupings adapted to popular use are therefore necessary if 
farmers are to use the results of soil conservation and this plan of 
classification provides it. 
The second thing that impresses me is the value of interpreting 
into a single figure or designation the resultant of the factors deter-
mining the production capabilities of a given piece of land. Only 
the technically trained specialist can visualize, from the standard 
four-fold symbol used on the soil erosion survey maps, the use to 
which the land represented by any given symbol had best be put. 
An almost infinite number of combinations of these four factors is 
possible. With the effect of all of these factors grouped into a small 
number of land use capability classes, they become understandable 
and usable to the farmer and to others lacking technical training. 
To interpret a four-fold symbol necessitates a mental multiple cor-
relation. computation. Most of us, even with statistical training, have 
enough difficulty in solving multiple correlation problems with 
the aid of all the mechanical equipment available, that we realize it 
is clearly beyond the field of easy mental mathematics. 
After walking over a number of farms with land use capability 
maps as a guide, I am convinced that their understanding· is well 
within the ken of the average farmer. In fact, farmers refer to one 
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field. as yellow land or red land as naturally as they would speak 
of a corn field or a meadow. The crop adaptation and control meas-
ures for each color zone seem perfectly familiar to them. With this 
kind of land classification map available, the average farmer can 
easily plan an erosion control program for his farm with a minimum 
of technical assistance. The Soil Conservation Service can never 
hope to maintain a field force sufficiently large to plan programs 
for all farms on which erosion control programs are needed. With 
their efforts directed mainly to preparing the basic land use capa-
bility maps and explaining their use, the farmers can go the rest 
of the way with a minimum of guidance. Surely this simple classi-
fication will do much to put erosion control on a bulk production basis. 
I realize that my observation of the land use capability classi-
fication of soils has been confined to one county. However the system 
has been in use longer here than elsewhere and therefore has had a 
more thorough testing in conservation operations. One might also very 
logically assume that this first application of the method would be 
crude compared with classifications made later with the benefit of 
this pioneer experience as a guide. Since the first experimental 
classification has proved workable and effective in practice, subse-
quent testing and refinement should make it at least as effective else-
where. I am convinced from a rather intimate acquaintance with 
the physical and economic conditions as well as with a considerable 
number of farmers in the county that there is nothing peculiar about 
the local situation that would tend to make the classification more 
feasible or more easily applicable here than in many other areas 
where a similar need of erosion control exists. 
No process of devising a simple rule-of-thumb solution for com-
plicated problems is free from an element of danger. Over-simpli-
fication may be as serious as over-complexity. The making of a land 
use capability classification calls for a high degree of technical serv-
ice. It must represent the coordinated efforts of a group of specialists 
trained in the various subject matter fields concerned with soils and 
their use. Farmers as well as technicians must be consulted. Crop-
ping systems must not be too rigidly prescribed. Economic consider-
ations must not be overlooked. Making a living is the prime objective 
of the farmer and erosion control will only appear to him insofar 
as it facilitates rather than conflicts with his ability to accomplish 
that end. 
· 
In discussing the system of land classification outlined by Mr. 
Norton, I have confined my remarks to its use for the specific pur-
pose of aiding soil conservation operations. It may have many other 
uses. It is conceivable that the principles involved may be used 
effectively in modifying the standard soil survey maps so as to make 
them more easily understood and therefore more useful to farmers. 
That, however, is beside the subject under consideration. I am satis-
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fied that for the purpose indicated in Mr. Norton's paper land use 
capability classifications represent a long forward step toward prac-
tical erosion control. "By their fruits ye shall know them" is a long 
established criterion of success. Land use capability classification, 
regardless of any minor faults it may possess, is working out suc-
cessfully in practice. Doubtless further trial and testing will serve 
to enhance and enlarge its effective application to the problem of 
facilitating and expediting erosion control by farmers and economiz-
ing the efforts of the technicians who are aiding them. 
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DISCUSSION 
A. C. BUNCE' 
Mr. Norton has presented an excellent description of the syste~ 
of classification adopted by the Soil Conservation Service based upon 
what is termed "use capabilities." Since his statement that "the 
advance in the physical science has been more rapid than in the 
economic or social and relatively more is known about the physical 
which can be subjected to exact mathematical calculation" is par-
tially true, it would hardly be becoming for an economist to raise 
any questions regarding the validity of the inclusion of certain specific 
pieces of land in their designated classes. I will assume that the 
various factors of soil type, slope, degree of erosion and environment 
have all been exactly measured and correctly weighted; I will also 
assume that if the land is used according to the capability classifica-
tion into which it falls that it will not deteriorate. These are large 
assumpti6ns but they are necessary if we are to proceed to the basic 
problem of applying this system of land classification to the planning 
of individual farms. 
Mr. Norton has said very little about the details of using this 
system. He does point out, however, that the classification "is not a 
complete system of land classification since it involves . . . only 
physical factors. It is a starting point in land classification and is 
valuable only in so far as it may be used as basis of facts with which 
the economic and social factors can be correlated to make a complete 
land classification." He also states that the classes of land are not 
to be considered permanent in character because of technological 
changes which may take place. In Mr. Norton's own words, "The 
intent behind land classification according to use capability is merely 
to establish a national basis of classification which would be good 
for a generation or two." 
These statements recognize the basic limitations inherent in 
this system of classification and, if generally accepted, there would 
be little danger that the maps would become static patterns of recom-
mended land use regardless of economic factors . However Mr. Norton 
himself makes the basic mistake that many less experienced tech-
nicians may make when he states, "Since this is a physical classi-
fication the assumption is made on the basis of local experience and 
applied know ledge that the return from a tract of land will be 
satisfactory when it is used for the purpose indicated by the classi-
fication." Such an assumption is entirely unjustified and may lead 
to the planning of farms on an entirely uneconomic basis. 
'Assistant Professor. of Agricultural Economics, Iowa State College, Ames, Iowa. 
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Mr. Norton also states, "It should be understood that classes of 
land according to use capability indicate the maximum intensity of 
agricultural use that can be practiced safely. In addition to the 
physical inventory, the economic advisability of cropping systems, 
farming practices and measures, together with farming enterprises 
must be given consideration in making a farm plan." At one moment 
he recognizes the limitations of this system of classification and at 
another he makes claims for it that can not be substantiated. This 
confusion is apparently due to the lack of a clear analysis of the 
relationship existing between the physical and economic forces deter-
mining the pattern of land use best suited to a particular time and 
place. The two diagrams seem to do little more than indicate that 
there are at least three factors to be considered. The following quota-
tion further illustrates the confusion, "There is, moreover, a rather 
definite fixed ceiling of intensive use above which physical status 
of the land cannot be permanently maintained. A good land use 
program will involve the use of land in a manner as near the upper 
limit of intensity as is possible without destroying it as a physical 
resource, in consideration of the existing economic environment and 
the aptitude of the operator." The confusion lies in the use of the 
word "intensity". If Mr. Norton uses it to mean intensity of land 
use, the statement is false, because a good land use program may 
involve a much less intensive land use than is permitted by the 
physical conditions when deterioration is to be avoided. Many ex-
amples of this are available such as the use of level rich land for 
pasture in areas of dense population. If intensity is used by Mr. 
Norton to denote the total application of labor and capital to the farm 
enterprise including both primary and secondary production, then 
it tells us nothing about primary fand use. 
Agricultural economists are largely responsible for failing to 
define clearly the various meanings which may be given to intensity 
and for the sake of clarifying the problem, I briefly suggest the follow-
ing terminology: 
(1) Primary in:l:ensi:l:y (or intensity of . primary production) re-
fers to the direct application of labor and capital to the land in the 
production and harvesting of plant material. Intertilled crops rep-
resent a high degree of primary intensity, while permanent pasture 
represents a low degree of such intensity. Building terraces indi-
cates an increase in primary intensity and represents a move towards 
conservation; an increase in primary intensity by the use of more 
intertilled crops, however, may mean an increase in exploitation. 
(2) Secondary in:l:ensi:l:y (or intensity of secondary production) 
refers to the application of labor and capital to all processing of 
agricultural raw materials undertaken on the farm land. Livestock 
enterprises and all other agricultural production where the inputs 
are not directly applied to the land determine the level of secondary 
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intensity. Dairying, beef feeding and poultry farms represent inten-
sive secondary production. 
(3) In:tensi:ty without any prefix refers to the sum of primary 
and secondary intensity; that is; the total amounts of labor and 
capital per acre applied in the farm business. This is in harmony 
with the generally accepted use of the term and tells us nothing about 
the intensity of primary production or the land use pattern. 
In all cases the terms refer to applications of inputs to an area 
unit (usually an acre) over a unit of time (usually a year). Thus we 
may find that an intensive farm business has a very extensive land 
use (i.e. non-intensive primary production) and a very intensive 
secondary production, as in the case of a dairy farm where most 
of the land is in pasture but large amounts of capital and labor are 
used in producing milk. The terms may also be used either in a 
physical or economic sense and distinctions may be made between 
capital and labor intensities; however, it is impossible to go into the 
rather complex problems of measuring and comparing intensities 
between regions in this brief outline. 
With these definitions of terms we may now. return to the central 
problem of the topic under discussion, that is, the application of 
use capability classes to the planning of farms to control erosion. 
The use capability classes may be stated to represent the upper 
limits of primary intensity consistent with the maintenance of soil 
productivity. The first difficulty that arises in applying this con-
cept of a ceiling beyond which it is unwise to go lies in the fact 
that many alternative uses may be possible for one area of land. 
For e~mple, a field might be kept in permanent pasture or contour 
farmed with a long rotation, or strip cropped with a more intensive 
rotation, or terraced and strip cropped with relatively intensive 
crop production; which of these would be the best land use would 
depend upon the cost price structure existing at any particular tim:e. 
Such an area would presumably fall into group III as being "suitable 
for cultivation with complex or intensive practices" but this does 
not mean that this is necessarily the best use from an economic point 
of view; a much less intensive use may be desirable. 
The second problem of farm planning that derives directly from 
the first is that of determining the economic feasibility of the alter-
native land use patterns which may be open. This involves not 
only the cost of the various erosion control practices in relationship 
to the value of the crops produced but also the reiationship of 
primary and secondary production in the farm business as a whole. 
If, for example, secondary production can be intensified, then labor 
considerations may make a less intensive primary production desir-
able. This means that land use planning on individual farms must 
consider not only land use but the total farm business with its 
various alternatives of secondary production. It is here that the 
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problem of management is very important; one farmer, because of 
his ability to handle a dairy herd, may want much of his land in 
permanent pasture and hay while another farmer on the same farm 
might do much better producing corn and hogs. 
A third problem is that of the period of time over which the 
classification may extend. Mr. Norton has stated that the concept 
of capability classes is dynamic and subject to change. Anyone 
who has seen the land use pattern as developed in oriental countries 
would agree that much land not now in cultivation in this country 
could be used for crops under different social and economic con-
ditions. Similarly, our present agricultural land could be farmed 
more intensively and produce more if prices were such as to warrant 
the expenditures of more capital and labor. Whether the present 
classification will be useful for "one or two generations" will depend 
not only on the technique of production, but also upon the growth 
of world population, international trade, transportation, urban em-
ployment and the marginal productivity of capital invested in o.ther 
enterprises. Even if the capability classes have to be changed, how-
ever, the basic physical information upon which they are founded 
will be of permanent value providing that it is so accurate that 
revision is not necessary. 
The greatest difficulty of using the concept of the use capability 
class as a ceiling beyond which primary intensity should not be 
pushed if productivity is to be maintained lies in the fact that in 
some cases an increase in primary intensity may result in more 
conservation as, for example, when terraces are erected or alfalfa 
replaces small grains. Whether an increase in primary intensity will 
result in more exploitation or less will depend upon the specific 
changes which take place. Actually, land use capability classes estab-
lish land use and practice patterns or limits of tillage operations but 
do not represent levels of intensity because land falling in class III 
may have a greater primary intensity than land in class I. 
The final problem to be discussed is whether or not it is a sound 
policy to permit the land use pattern to be more exploitive than 
that indicated by the use capability class. This will depend upon a 
number of factors, from an economic point of view, it is profitable 
to exploit the land providing that the added increment to income is 
greater than the value of the resource used up or the cost of replacing 
it. During the World War of 1914-18, Germany so depleted the phos-
phorous content in the soil that abnormally large annual applica-
tions were required for 10 years after fertilizer again became avail-
able. Where the process of depleting the soil is reversible, it may 
be to the advantage of the entrepreneur to use the land more 
exploitively than the use capability class would indicate. Where 
exploitation or disinvestment means a permanent loss in productivity, 
the question of its profitableness to the individual is not a sufficient 
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criterion of its advisability because of social costs involved which 
may not impinge upon the individual entrepreneur. In general, it 
may be stated that exploitation is economic when the cost of main-
taining the fertility is greater than the value of the increment of 
resource used up, and it is uneconomic when the cost of conservation 
is less than the value of the resource saved. Use capability classes 
do nothing to help in solving this problem because they do not 
indicate the rate of erosion or depletion. 
This does not mean that the concept of use capability classes 
has no value from an economic point of view. They may be of great 
value in indicating that if we deviate from a certain land use pat-
tern, we will deplete or build up our land assets and that this factor 
must be considered when the economic aspects of the system are 
being evaluated. In other words, the classes may act as standards 
to indicate whether we are reducing or increasing our productive 
capital in land and as such they will be extremely valuable in farm 
planning as a whole if their limitations are kept in mind. 
LAND CLASSIFICATION AND FARM MANAGEMENT 
ROBERT R. HUDELSON1 
The point of view of farm management is that of the individual or 
firm as distinguished from that of society or government. The eco-
nomic principles involved are largely those of production economics. 
The prevailing unit of production is the little firm which provides 
so small a part of the supply of any particular product that the effect 
of production by the individual firm is largely ignored as an influence 
on demand and price. To a very large extent the firm consists of a 
family without any definite provision for continuation beyond one 
or sometimes two generations. 
Since farm management is concerned primarily with the indi-
vidual producer's point of view, the interest in land classification is 
more detailed than that of larger social groups. Society is first inter-
ested in the broad divisions into use classifications such as forestry, 
mineral production, recreation, urban or industrial sites, grazing, 
and arable farming. The interest of farm management continues 
from these broad classifications into the more minute and detailed 
categories which affect the proportioning of factors of production and 
the ultimate results of grazing and arable farming. In general, the 
goal of farm management is the maximization of the net real income 
to the producer of agricultural products. 
1Assistant Dean, College of Agriculture, University of Illinois, Urbana, Illinois. 
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Since the producing unit is small and admission of new units 
easy, there is little possibility of any private monopolistic control 
to hold down production in order to protect the high-cost firm or 
provide a wide margin of profit to the more favored producer. This 
is not to ignore the possibilities of some measure of control by gov-
ernmental agencies or a$sociations of producers of special agricul-
tural products, but the very large number of small producers makes 
such efforts difficult and hazardous. This means that the particular 
use of land of any particular grade or classification is largely left 
to the judgment of many individual operators. Under our philosophy 
of government, influencing the judgments of farm operators gener-
ally is limited to education or to financial rewards for bringing the 
individual judgment into line with public welfare. 
Farm use of land differs from the use of most other factors of 
production in that, combined with family labor and a very small 
amount of capital, land is capable of supplying all the essentials of 
physical life. For this reason it is difficult to force out of compe-
tition the lower classes of land as based on capacity to produce 
agricultural products. At this point the interests of society and those 
of the individual mingle, since poverty-stricken farmers like any 
other submerged group bring social problems of health, relief, sub-
sidization of education, etc. Individual producers and students of 
farm management are definitely interested in helping to determine 
and eliminate from farming those classes and grades of land which 
are incapable of supporting a family even when the size of operating 
units is properly adjusted for the use to which the particular land 
is suited. 
The limited span of life, and hence the limited period over 
which the individual user of farm land is interested, often makes 
shortsighted the point of view of practical farm management, if not 
the point of view of farm management research. 
The kind of land classification desired and the extent to which 
it should be carried from the farm management point of view de-
pends upon the particular problem under consideration. Relatively 
extensive classification will do for the problem of delineating type-of-
farming areas. Farm management specialists have busied themselves 
throughout the country with this problem and type-of-farming maps 
can be considered as one broad phase of land classification. Here the 
forces determining land classes are many and complex and classi-
fication is based upon the results of trial and error adjustments by 
many producers through a period of time. Both physical and eco-
nomic factors are behind the development of type-of-farming areas 
and the inclusion of economic factors results in a dynamic situation. 
As a consequence, type-of-farming classifications will need to be 
reviewed and revised at frequent intervals. Their lack of stability 
does not rob the type-of-farming area maps of value since they form 
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almost the only classification showing the effects of adjustments of 
fand use resulting from the entire complex of physical, economic, 
political and social forces. Type-of-farming maps and accompanying 
descriptions serve as general guides to managers of farms, based 
on results of trial and error adjustments to forces too numerous and 
complex for simple or complete analysis. They put the farm man-
ager on his guard when he chooses a different system of farming 
than that which has proved itself historically. Likewise these studies 
serve to guide and delineate many studies of research workers in 
farm management. It should be emphasized, however, that neither 
the farm operator nor the research worker should consider type-of-
farming studies as anything but dynamic historical expressions sub-ject to constant and increasing rapid modification. The increasingly 
dynamic factors include transportation, communication, mobility of 
industrial populations, international trade developments, declining 
rate of increase in population and trend toward mecharlization as 
applied to agriculture. 
A major problem in farm management is the proportioning of 
factors of production. This problem varies with every producing 
unit because available land, labor, capital and management are sub-ject to infinite variation and never occur in identical combinations. 
Land classification for use in this function of farm management 
needs to be carried to the last practical detail. Th~re is a limit to the 
extent to which land classification may be made and published by 
public agencies but there is scarcely any limit to the extent to which 
the successful manager of an intensive farm can go in knowing and 
classifying his land. Some of the practical problems of proportion-
ing in farm management which call for land classification are: What 
acreage of land should be combined into one operating unit? What 
acreage should be devoted to each separate use such as pasture and 
arable farming? How much land should be devoted to each crop? 
To what extent should fallow be included in the cropping system? 
What kind and size of livestock enterprises should be introduced to 
use the product of the particular land? How thickly should each 
crop be planted? What crop varieties should be used? What kinds 
and amounts of fertilizer should be applied? What kind and amount 
of power and equipment should be provided? How much labor should 
be hired? A first glance at these questions may bring doubt as to 
their relation to land classification but the answer to every one of 
them depends upon the kind and quality of land to be used. 
A decision as to the number of acres to be included in a farm 
unit is in part a decision on the ratio between land and management. 
However, an acre of land varies so widely that the single unit of 
area has little meaning unless the class of land is defined. A farm 
family may produce enough on a five-acre tract of vegetable land 
near a good market to yield a satisfactory standard of living, whereas 
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it may take five sections of dry grazing land to give an equal oppor-
tunity in an extensive grazing area. Here both capacity and efficiency 
of land are important. The vegetable land may be poor in original 
fertility, possibly sandy and unproductive, but if the location is 
suitable the tract may have high capacity for labor, capital and 
management. Rarely is the size of farm in terms of acres of land 
ideally worked out in practice because institutional limitations such 
as present and previous ownership units, credit arrangements, and 
buildings and fences as adapted to previous conditions cannot be 
ignored. One of the interests of farm management is the determina-
tion of the desirable size of farm unit for lands belonging in dif-
ferent categories with respect to use, particularly as to use classes 
such as grazing lands, arable lands, and fruit or garden lands. This 
is to a considerable degree a classification of lands by capacity for 
profitable combination with labor, capital and management. Pro-
ductivity and location with respect to market are important in 
determining size of unit but many other qualifications need to be 
considered, particularly those having to do with adaptability to 
different crops. Size of unit in terms of acres determines the capacity 
of land for people and hence important social and political interests 
enter in, but farm management concerns itself primarily with the 
economic and physical factors and land classification based on them. 
Determination of size and type of farming unit does not exhaust 
the need for land classification into use classes. The need for balance 
of uses within the farm is important. Most farm units call for a 
balance between pasture and plow land. The farm business is more 
stable and involves less money and credit risk if it has enough feed 
crop land to winter and fatten the livestock for which it provides 
pasture. Farms with excess pasture must either sell unfinished 
livestock or buy winter and finishing feeds. Cash or credit outlays 
for feed involve financial risk of a type which brings a more serious 
situation when loss is incurred. Likewise lands wholly unsuited to 
production of subsistence goods such as vegetables and fruits make 
necessary an additional cash outlay. Among the most hazardous farm 
businesses are those on land which lends itself to only a single use. 
Wheat farming, rice farming and cotton farming are good examples. 
Here physical hazards of production combine with price fluctuations 
of a single commodity to give the widest amplitude to farm income 
variations. It is unnecessary to dwell on the advantages of stability 
of income to an individual business. A business which might be 
successful through a period of years may be wiped out as a result 
of two or more years of low income which happen to come together. 
Recurrent expenditures for relief of farm families in one-crop areas 
show further evidence. Farm management is definitely concerned 
with the classification of land according to its general use adaptations 
for farming. 
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In a still more detailed way, farm management is interested in 
the classification of land according to its adaptability to individual 
crops and systems of cropping. It is well known that some lands with 
particular soils, topography, transportation facilities and market 
situations are adapted to certain cropping systems, whereas lands 
differing in one or more of these qualifications should grow different 
combinations of crops and pasture. In the Corn Belt dark-colored, 
fertile, level soils may have half their acreage devoted to corn while 
rolling, erosive, lighter-colored soils may be ruined if an attempt 
is made to grow corn on them half the time. In Illinois soybeans 
have come in extensively on the more level lands just north of the 
tight subsoil areas, yet far enough south to have a relatively long 
growing season. To quite an extent they have replaced small grains 
in an area which is normally infested with chinch bugs. Undoubtedly, 
climate, soil, and topography have favored this change in cropping 
systems and probably insect prevalence has had some effect. 
From a management point of view lands vary significantly in 
their adaptation to different kinds of mechanical equipment. It is 
well known that topography . has had much to do with the rate of 
adoption of large-unit, power-driven implements. Hilly areas with 
small irregular fields were the last stand of the ox, and the horse 
seems to be following a similar course. Climatic factors such as length 
of growing season and amount and distribution of rainfall likewise 
affect the rate of adoption of mechanical equipment. Short seasons 
call for rapid progress and long hours for which the tractor is suited, 
while wet soils tend to discourage any but the more expensive 
track-type tractors. To a less but significant degree, soil texture and 
structure affect the choice of farm power and implements. A loose 
friable soil permits smaller units of power and liishter implements 
than the heavy intractable soils. One result is a lower investment in 
equipment per unit of land and a lower operating cost unless the 
saving in equipment cost is more than balanced by need for other 
cost items such as fertilizer. 
A recent study from the Illinois Agricultural Experiment Station 
contains the following statement: 
"Unit costs of producing a given crop vary from area to area largely because 
of differences in productivity and texture of soil, and to some extent because of 
differences in climate. Tight soils and soils that are difficult to work following 
rains, or that warm up slowly in the spring, require more man labor and power 
per acre to produce a crop, and usually are not so productive as dark loam soils 
with an open subsoil. Thus in Franklin County, where the subsoils of the farms 
in this study were for the most part tight, the costs of producing corn, wheat 
and oats were higher by 81, 54, and 32 cents a bushel, respectively, in 1920-22 
than they were in Hancock or Champaign and Piatt Counties during the same 
years."' 
'R. H . Wilcox and H. C. M. Case, Twenty-five Years of Illinois Crop Costs, 19!3-
1937, Ill, Bull. 467, 1940, p. 390. 
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Land as it influences selection of crops, livestock enterprises, 
and equipment greatly influences the input of labor into the farm 
business. Both the amount and kind of labor are involved. Crops 
vary widely in the amount of labor required per acre. The Illinois 
bulletin mentioned above shows that on the average it requires 
about twice as many hours of labor to grow and harvest an acre of 
corn as it does an acre of oats. Timothy and red top call for still less 
labor and permanent pasture land generally absorbs the smallest 
input of man labor. On the other end of the scale are the special 
intensive crops such as vegetables, fruits, and flowers . The kind of 
labor also depends upon the enterprises adopted and the equipment 
used. Lands suited to livestock or special crops commonly require 
more experienced labor than those devoted to a simple cash crop 
plan of operation. Extensive use of mechanical equipment commonly 
calls for less physical labor but more mechanical skill. 
This is enough to show the extensive and intensive interest of 
farm management in land classification. Both from a practical and 
theoretical point of view, land classification stands close to the top 
among all phases of farm management interest. The number of 
people involved in this interest is very large, including every oper-
ator and every owner of a farm as well as every worker in research 
and teaching in the farm management field. In fact , the interest 
extends to the general public because all consumers are affected. 
The next question concerns the kinds of land classification 
needed and the relative importance of the different kinds, as well as 
the extent of detail to be included in each classification. As sug-
gested before, the minuteness of classification is largely determined 
by the practicability of getting the work done and published. There 
is almost no limit to the amount of detail which would be useful. 
The soil survey is a good starting point because it is basic to 
many other needed classifications. Not only does the soil unit reflect 
relative productivity and adaptability for different uses and dif.:erent 
crops, but it greatly affects the intensity of use and .the social insti-
tu.tions which evolve. The unit of classification in the soil survey, 
n:\mely the soil type, is based upon physical features and hence has 
greater stability than any classification which includes economic 
considerations. It would be difficult to pay too high a tribute to 
those who within our generation have developed the science of soil 
classification to its present state. It is well known and generally 
admitted that the early surveys resulted in classifications too general 
and lacking in accurate detail, but this was the inevitable result of 
lack of experience. Soil maps of the past decade are, as a rule, 
admirably adapted to the use of the farm manager and the farm 
management research worker. 
It is true that the intricate and sometimes highly technical 
details which now enter into soil survey classifications call for some 
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know ledge of soil science on the part of workers in farm manage-
ment and land economics, but such workers should face this situation 
and acquire the necessary ability to interpret the findings of the soil 
surveyors even if it is not practicable for them to acquire skill to 
make soil type identifications in the field. For these field identifica-
tions they will need the assistance of soil survey workers. In general, 
soil surveyors have included adequate descriptive data in their more 
recent reports, but there is still a lack of sufficient interpretation 
in the form of productivity ratings and crop adaptations by soil 
types. This shortcoming is generally recognized and some progress 
has been made toward overcoming it. Farm management workers 
will welcome even greater effort along this line. 
Soil productivity ratings by soil types probably call for much 
additional research before they can be carried to the desired degree 
of refinement , but ratings which are now available and others which 
are immediately possible are very helpful and can be used while the 
necessary research for ultimate refinement is going on. P robably 
some of the ratings now made in terms of productivity for general 
crops will give way to ratings for specific uses and particular crops. 
Possibly the division into ten productivity classes for general use 
represents the best that is feasible now for states like Illinois, but 
undoubtedly a much larger number of classes will evolve as needed 
research is carried out. It is recognized that one of the important 
difficulties of this type of research is to differentiate between the 
effects on crop yield of soil factors and management factors. It is 
recognized that climatic and topographic features complicate the 
problem but in general these are closely bound up with soil features 
and probably must be considered very much as if they were soil 
factors. 
Another complicating problem in the development of soil type 
ratings concerns the dynamic physical features of soils. The very 
great emphasis now placed on soil erosion almost guarantees that 
this factor shall not be overlooked and probably it can be allowed 
for by making proper adjustments of the soil ratings for depth of 
surface soil and frequency of obstructive gullies. Excessive erosion 
which has already taken place is now commonly mapped as an 
eroded phase of the particular soil type, but failure to indicate erosion 
on the soil map is not evidence that no erosion has taken place. Like-
wise, soil survey maps cannot be expected to indicate improvement 
or decline of fertility from soil management practices on the par-
ticular tract . At this point, doubtless the farm management worker 
must gather his own information by ownership units. 
Even when all features of the soil itself and associated features 
of climate and topography have been allowed for , product ivity of 
the land in a given operating unit is still not fully established. Such 
factors as weed infestation or prevalence of destructive insects must 
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be taken into consideration. The effect of weed infestation is some-
times sufficient to cause a wide shift in the crop and livestock 
adaptability of land and costs of production may be greatly increased. 
The weed problem of the central Corn Belt is definitely on the 
increase due to the introduction and spread of new species such as 
European bindweed. Cropping systems and production costs are also 
affected by prevalence of destructive insects, and the abundance or 
recurrence of such insects as chinch bugs, corn borers and grass-
hoppers constitutes a definite factor in the productivity of land. 
Eventually it may be desirable to give more general circulation to 
maps showing weed and insect infestations, though these factors 
are so mobile as to call for annual revision and probably must be 
omittea from any permanent record of land classification except as 
warnings for areas of especially severe damage. 
Mention has been made of type-of-farming classifications as one 
expression of the results of adjustment by farmers to the total 
complex of physical, economic, social and political forces. In a 
somewhat similar way there are possibilities of measuring agricul-
tural production from current and historical data. It is true that 
such data reflect the results of management, labor and capital inputs 
as well as those of land, but for some farm management and land 
economics purposes classification and mapping of land according to 
actual production over a period long enough to average out the most 
variable effects of seasonal weather are very useful. Many maps have 
been made showing total production of the different farm products 
by states and counties. The series of "Graphic Summary" bulletins 
published by the United States Department of Agriculture may be 
cited as an example. Similarly, most states have published maps, 
often in type-of-farming bulletins, showing production of different 
farm commodities by counties. Recently some maps have been 
made available showing similar data by townships. For farm man-
agement work this change to a smaller unit is a distinct advantage. 
The typical county, especially in central west and western states, 
is too large and too variable to make easy adaptation of county data 
to the operating unit with which farm management workers, as well 
as land appraisers, must deal. The township unit, usually about six 
miles square, is :much better. The :manager on a far:m is almost 
certain to know how his land fits into the township picture and the 
farm. management worker or land appraiser can quickly make an 
inspection of an entire township in order to place the particular 
farm unit in its setting. . 
Availability of township data has greatly increased in most 
agricultural areas by records accumulated through activities of the 
data collected by the "Triple A" are actually recorded by individual 
farm units and for some farm management purposes are more useful 
than if combined by any geographic unit. However, the labor in-
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volved in mapping data by farm units makes the task almost out 
of the question. It is to be hoped that the farm unit records can be 
preserved and classified in such a way as to be available for research 
purposes for many years to come, but for many purposes they may 
well be classified and mapped by townships. 
In particular, acreage and yields for all common crops may well 
be mapped by townships. These are useful in studying cropping 
systems, livestock organization, income possibilities, land use, land 
valuation, and form organization generally. Acreage data do not 
vary so much from year to year as do yields and, therefore, acreage 
maps are more stable than yield m.aps although even acreage maps 
will need revision within periods of five to ten years. 
Yield data are very dynamic and for some states not readily 
available by townships, but they can serve a good many useful pur-
poses in farm management if they can be made available. Although it 
has not been feasible to construct township yield maps for all common 
crops, maps of this type for corn have been prepared for Iowa and 
Illinois and possibly other states. This forms a .kind of standard 
against which the farm operator may measure his performance, 
making due allowance for the differences which he knows to exist 
between his land and that of others in the township. Also farm man-
agement research workers and farm appraisers can make good use 
of township yield maps. · 
Finally, there are many uses which might be served by com-
bining acreage and yield data into production maps on a basis of small 
geographic units. The difficult problem here is to combine units of 
different crops into a common denominator. The one possibility for 
Illinois and most other Corn Belt states is found in the fact that 
our farm land is very largely devoted to feed crops and, within 
limits, feed crops can be substituted for each other. Feeding tests 
have been made on all common crops and some such unit as pounds 
of digestible nutrients has possibilities as a common denominator. 
For certain land use studies a group at Iowa State College used a 
feed unit which they defined as the approximate equivalent of a 
bushel of corn when the various feeds are fed to livestock of the 
kinds and relative numbers found on Iowa farms.' As a further ap-
plication, it was considered worth while to try the same unit as a 
common denominator for production on the farm lands of Illinois 
in a study primarily undertaken for use in farm land valuation. 
Justification for undertaking such a study was based in part on 
the fact that a large part of the farm acreage of Illinois is devoted 
to feed crops. Of 31.7 million acres of land in Illinois farms, as 
shown in the census of 1935, 22.5 million acres were in corn, pasture, 
'Rainer, Schickele, Economics of Agricultural Land Use Adjustments, Iowa 
.Research Bul. 209. 
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hay and oats, all feed crops. Of the remaining acreage a considerable 
part was in woods, waste, roads and building sites. About 2 million 
acres are normally in wheat which is not commonly used for live-
stock but which, for the purpose of the part icular study, was treated 
as a feed crop. 
As a trial of the method, selected crop data for four different 
years ranging from 1929 to 1935 were converted to feed units and 
combined by townships. Correlations were then run between aver-
age soil ratings by townships and average production of crops in 
terms of feed units. These correlation studies gave coefficients rang-
ing from .834 to .994 for four large counties with wide soil variations. 
Distribution about the regression line was convincing and the 
regression equation indicated a rise of about 2112 feed units for a 
rise of one point on the soil rating scale. A similar study of relation 
between feed unit productivity and soil ratings on a group of 70 
farms gave a correlation coefficient of .898 and the standard error 
was larger than for township data, as would be expected. These 
and some further tests, especially on the relation between feed unit 
production and value of land, led to a decision to calculate feed 
unit production by townships for Illinois and these data are presented 
in map form. (Fig. 9) 
Classification of lands by actual production, although it has 
certain limitations, can serve a number of useful purposes in farm 
management and land economics. 
There seems to be possibilities in using this type of analysis to 
check and coordinate soil productivity ratings since in this case 
variations in management factors are largely averaged out and pru-
duction data are weighted according to acreage of each common 
crop. Obviously the particular common denominator, feed units, 
is usable only where a large part of the farm acreage is devoted to 
feed crops, but this applies to much of the United States. For areas 
devoted largely to cotton, wheat, tobacco, fruit or other non-feed 
crops, it is not adapted. 
Calculation of productivity for grazing land in this and similar 
studies is a major problem. The starting point is to estimate or 
calculate carrying capacity of pasture lands. There is need for more 
research to determine results in terms of livestock-carrying capacity 
for combinations of soil, plant species, density of cover, rainfall, 
length of growing season, rate of stocking, etc. Grazing constitutes 
by far the largest use of farm land in the United States and only 
recently has there been anything like an adequate allotment of 
funds and personnel to research on this important phase of agri-
~ulture. 
In this study, data consisted of pasture acreage and the numbers 
of animals of various- kinds and ages as classified in the census. 
The livestock data were converted to animal units of grazing animals 
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Fig. 9.-Feed ·unit productivity of Illinois farm land by townships, acreage 
and yield data for selected years in the period 1929 to 1935. 
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and the number of acres of pasture per grazing animal unit was 
computed. This was converted to feed units by using the Iowa 
conversion factor of 38.7 feed units to carry ·an animal through the 
grazing season of about 6 months. There are some rough assump-
tions behind this method but it seems definitely useful if judged 
by results in the study here referred to and may be considered for 
further use until more accurate data can be accumulated. The 
production map of Illinois checks reasonably well with other evi-
dence on productivity. 
While soil survey maps with interpretive soil ratings are the 
most basic and fundamental of land classifications, and certain other 
maps such as those showing type-of-farming areas, crop adaptations, 
and historical production, are U;Seful in farm management work, 
they do not exhaust the possibilities of useful classifications. Other 
possibilities include the following: 
1. Detailed weather maps showing not only the amount of rain-
fall but its distribution with frequency and extent of drouth or 
excessive rain periods. In some areas there is need for hail and 
frost maps and possibly for amount and distribution of sunshine. 
Data for such maps are available at many weather stations but, 
as a rule, they have not been subjected to sufficient analysis. 
2. Reiief maps showing degree of slope and the effect of com-
bination of slope and soil type on erosion. Broad survey-type maps 
showing general areas of destructive erosion are now available 
for many states, but these are not in sufficient detail for farm man-
agement purposes. Aerial photographs now provide the means of 
intensifying this type of classification to the needed extent. especially 
for those areas which have both a recent soil survey and the aerial 
photographs. It is recognized that the task of reducing this informa-
tion to large-scale map form is a burdensome one and will take time. 
3. Cover and obstruction maps. This includes maps showing 
trees, brush, stone, swamps and obstruction gullies. Possibly this 
classification should be made by the farm manager and the farm 
management worker who is interested in individual operating units, 
but if aerial photographs are classified and filed in such a way as to 
be readily available by operating units, they will be of definite 
assistance. 
4. Maps showing types and condition o~ highways and other 
means of transportation. Railroad developments had tremendous 
effects on the organization and operation of farms during the latter 
part of the nineteenth century and we are now going through a 
similar adjustment to the truck and paved highway. Of course, the 
major difference is that all of the productive farm land is now 
occupied ana there are no large areas of new land to flood the grain 
markets, but extensive shifts in type-of-farming areas are undoubt-
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edly taking place. Who knows but what the airplane may even come 
in as an important means of transporting refined agricultural pro-
ducts? 
5. Market maps showing how each small locality is situated 
with respect to markets for important groups of products. One 
example of this type of classification is a map delineating the milk 
shed for each metropolitan area. 
6. Maps showing availability of water supplies for livestock, 
irrigation and domestic use. Availability of water for livestock is 
of great importance in dry-land grazing areas and many humid 
sections are handicapped by lack of inexpensive water supplies. The 
relation of water supplies to irrigation farming or to combinations 
of grazing and irrigation farming is too obvious to need elaboration. 
7. Part-time employment opportunities. In areas of subsistence 
and part-time farming the availability of employment, to supply 
some money income for those expenses which every family has to 
meet in cash, is important. Data of this type are very dynamic and 
perhaps should be gathered by public employment agencies, but 
they affect land use and farm organization in these special areas 
which seem likely _ to play an increasing role in an economy with a 
varying and possibly declining need for labor and with restricted 
markets. 
One large problem of the farm management worker-one :which 
he shares with the land use planner and the farm land appraiser-
is that of bringing the enormous amount of significant land informa-
tion into consideration as if affects the organization, management 
and final economic outcome of farming in a given situation. Un-
doubtedly much of the farm management research which has been 
published is subject to criticism for over-simplification by failure 
to bring into the analysis some of the pertinent forces related to 
land and its use. Part of this is probably due to the relative youth 
of the farm management discipline, but part seems to be inherent 
in the tremendous complexity of the factors involved and part in the 
lack of adequate data and sufficient classification of information fall-
ing within other disciplines closely related to farm management. 
As stated before, the farm management worker pays a high 
tribute to the soil scientist who in half a century has developed a 
new science so basic to many farm management problems. Further-
more he should acquaint himself with the broad fundamentals of 
soil classification and enlist the collaboration of the soil scientist in 
many of his research problems. There has been much progress in 
soil classification since the adoption of the present genetic system 
which has made more manageable the problem of comprehending 
soil groups and relationships. Farm management workers should 
be familiar with this development. It is to be hoped that still 
further progress can be made in coding the descriptions of soil types 
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in some way so as to lighten the burden of remembering the char-
acteristics of soil units by names which do not reveal or recall re-
lationships. 
Soil scientists have been helpful in creating other useful maps 
besides those showing soil types, such as those showing erosion, 
subsoil permeability, parent material, and surface character. As a 
rule, these are not yet in sufficient detail for many farm manage-
ment purposes but the future will in all probability see these and 
other land maps refined and detailed to the point of greater use-
fulness. 
Every development of land classification, whether it be on a 
basis of climate, topography, soil, plant adaptation, livestock suita-
bility, market relationship, transportation availability, labor supply, 
part-time employment opportunities, or other physical or economic 
consideration, is grist for the mill of the farm management worker. 
It must be admitted that he has not yet made full use of the classi-
fication now available, but his is a relatively young discipline and 
a very complex and dynamic one. He will welcome systematization 
and simplification of all land classifications in other disciplines but 
these should not take the direction of omission of details because 
many questions in farm management depend upon those final details. 
Within his own field the farm management worker should re-
fine and revise frequently the type-of-farming classifications and 
probably other groupings of land on economic bases. Market shed 
maps, farm commodity price maps, crop acreage and yield maps, 
and production maps will serve as examples. From this it is clear 
that there is no prospect of exhausting the possibilities at an early 
date. 
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DISCUSSION 
SHERMAN E. JOHNSON' 
I find myself in agreement with most of the statements Dean 
Hudelson has made. Although I might be disposed to argue that 
the point of view and the goal that he has outlined for farm man-
agement are too narrow, this is not the place to discuss that ques-
tion. After reading the paper, however, I felt that it might be 
desirable to summarize the kind of farm management analysis neces-
sary for certain types of land classification; the form in which land 
classification materials need to be prepared for use by farm man-
agement workers; and the way that farm management analysis can 
be used to establish productivity ratings for farming lands that have 
multiple uses. 
Land classification has been both broadly and narrowly inter-
preted. In the most inclusive sense that it has been used it would 
encompass all physical and economic analyses necessary to arrive 
at conclusions concerning all the farming adjustments needed on 
agricultural land; also similar analyses for land in other uses. We 
shall see later that such a classification can only appear as the end 
result of research on farm adjustments in a given area. More nar-
rowly interpreted, the economic approach to land classification would 
be concerned only with differentiation of the major uses of land, 
such as between farming and forestry. This is the usual "use district 
classification" that serves as a basis for zoning work. 
I 
Let us take up the narrower interpretation first, and indicate 
how farm management analysis is a necessary part of that approach. 
Classification of land by major uses attempts to determine the 
uses in which a given area of land will contribute the greatest eco-
nomic and social product. Urban uses, and frequently recreational 
and watershed uses, take preference over agricultural land. But 
how is it determined whether land should be used for farming or 
forestry? On the basis of relative incomes from farming versus 
forestry? On the farming side this requires farm management 
analysis to indicate the income expectancy from different types and 
sizes of farms that might be adapted to the area. But often there is 
a considerable gap in income between farming and forestry uses, 
and whether the land should be used for farming depends upon a 
test of submarginality, which means that we need to "determine 
'Principal Agricultu.ral Economist, and Head, Division of Farm Management and 
Costs, Bureau of Agricultural Economics, U. S. Department of Agriculture. 
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the areas where the farm income is normally too low or too unstable 
to maintain the farm plant, provide adequate living standards, and 
maintain the public services.'" This again requires farm management 
analysis to ascertain whether any type and size of farm can be 
organized in the area on a self-supporting basis.' 
In some areas the decision can be made largely on physical 
information because the area is physically unadapted to cultivation. 
In still other areas the answer is fairly obvious, and can be given 
without detailed analysis; but it is nevertheless a farm management 
judgment that is rendered. 
Some workers have attempted to approach this problem in-
directly by developing indicators of distress, such as tax delinquency, 
condition of buildings, relief payments, etc. Although such indi-
cators may serve as useful check data in many instances, the ad-
vantages in the direct approach are (1) that we analyze income 
expectancy from farming directly instead of depending on indirect 
measures that may have their roots in other causes; and (2) it per-
mits analysis of other farming alternatives than those which have 
prevailed in the area. In many parts of the Great Plains, for in-
stance, a combination livestock-grain farm may succeed where spec-
ialized grain farming has failed, and if so it is a less drastic adjust-
ment than shifting to a major grazing use. Perhaps there are poor 
land areas in the East that are suited to other types of farming ths.n 
those that have failed in the area. These would then mean less 
adjustment than abandonment to forestry uses. 
II 
After the most suitable major uses of land have been determined 
there is still need for some basis of ranking or grading the economic 
productivity of the land best suited for farming (likewise that in 
other major uses, but we shall concern ourselves with the farming 
land). Such ranking is needed as a basis for equitable tax assess-
ments, for loan policy, and for other uses. For these purposes the 
grading needs to be based on differences in economic productivity 
in farming uses. In specialized farming areas, with few alternative 
uses, a physical productivity rating, ba.sed on relative production 
of the special commodity, assuming a given set of practices, can be 
rather easily interpreted in economic terms. For instance, the 
Montana approach to classification of wheat land has been in terms 
of probable yield of wheat per acre when summer fallow is prac-
ticed. Classification of irrigated lan~ has been found to be a much 
'County Land Use Planning Work Outline No. 1, p. 19. 
•Johnson, S. E., Interregional Competition and Comparative Advantage in Agr:i-
culture, Journal of Farm Economics, vol. XIX, No. 1, pp. 234-237. 
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more difficult undertaking. No simple and direct relationship be-
tween its physical production of one commodity and the economic 
productivity of the land in question can be established. 
The complex nature of the problem of determining the relative 
economic productivity of land that has a multiplicity of crop uses 
leads us to the questions of: (1) the form in which land classification 
materials need to be prepared for use by farm management workers, 
and (2) the way that farm management analysis can be used to 
establish productivity ratings for farming lands with multiple uses. 
With respect to the form in which land classification materials 
are made available let us first of all emphasize the need for separating 
the physical and economic relationships involved. The economic 
analysis will need to be reworked from time to time, but the physical 
relationships are much more stable; and if the two sets of data are 
presented separately it will be easy to rebuild the economic struc-
ture on the foundation of a physical land suitability classification. 
To illustrate the kind of data needed, and how it can be used 
to give the answer sought, let us take an area on the border line 
between farming and grazing uses in the Southern Great Plains. A 
physical inventory of the land, including information on soil type, 
slope, erosion hazards, etc., will indicate the part of the area that is 
physically suited for . cultivation. Within the margin of physical 
suitability it is necessary to apply the farm management test to 
determine the economic margin for farming, in the way previously 
indicated. But in order to do that the physical yield expectancy of 
the different crops feasible in the area must be known, together with 
the rotation, the practices, and the treatment that are needed to 
maintain the soil in the alternative uses that are being compared. 
In other words, a physical classification of land into types that will 
respond approximately in the same way to given rotations, practices, 
and treatments is needed. But in addition we need a quantitative 
measure of yields to be expected from each crop under the given 
rotations, practices, and treatments. 
The data on yield expectancy for various crop and pasture uses 
and the practices and treatment needed to maintain the land in these 
uses should be furnished by workers in soils and crops. ·· 
With this information farm management workers can analyze the 
income possibilities of different types and sizes of farms on each 
land type. This should be done on the basis of determining the high-
est income alternatives, assuming average management efficiency 
and normal price and cost relationships (or with two or three sets 
of price and cost relationships). 
On some I.and types it may then be found that incomes are too 
low to support farm families, maintain the farm plant, and pay the 
necessary share of public services. The areas, even though physically 
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suited for cultivation, may be considered economically unsuited for 
farming.• 
For the land type areas that are economically suited for farm-
ing, returns may be compared and used as a basis for grading the 
economic productivity of the land. Comparisons should be made 
for the sizes and types of farms best adapted for each land type. 
Proper allowance will have to be made for varying inputs of capital 
and labor under different systems of farming, but with careful work 
a valid index of economic productivity can be constructed. It must 
be realized that such an index rating, or grading, of economic pro-
ductivity will change if some of the economic forces that affect 
returns from the types of farming under comparison are altered. 
For example, some sandy land areas now fairly prosperous in truck 
farming because they are adjacent to consuming markets may have 
their market outlets seriously affected by the introduction of quick 
frozen vegetables. 
We now realize that land classification which attempts to grade 
economic productivity of farming lands is not a beginning recon-
naissance job that serves as a foundation for other research into 
the farming adjustments needed in an area. It is the end result of 
area studies in production adjustments. 
. In closing I want to stress the need for cooperation between 
soils and crops specialists and economists in developing this type of 
approach. Much farm management work in the past has neglected 
important differences in physical resources, and many workers in 
the fields soils and crops have overlooked or improperly evaluated 
the economic forces that affect the use of land. Cooperative effort 
promises much more fruitful results. 
'With the qualification that we may decide to mine rather than maintain the soil 
resources, and that temporarily no better alternatives can be found for the 
people now farming this type of land. 
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DISCUSSION 
ROY W. SIMONSON' 
Dean Hudelson, in addition to presenting the point of view of 
farm managemeJ;lt, has discussed some of the questions that arise 
in actual farm operation and considered · various types of land classi-
fication and other information as related to farm management. My 
discussion will be limited to considerations of the different types of 
land classification, particularly their usefulness and limitations. In 
some instances, questions are raised regarding points made by Dean 
Hudelson and, in others, further emphasis or supplementary infor-
mation is added. 
In discussing the different questions that may arise in farm 
management, Dean Hudelson indicated the wide range of factors 
which affect the operation of a farm unit. The large number and 
variety of factors which play a part in the management of a. farm 
is particularly impressive. Such widely different things as the 
nature of the soils and topography of a farm unit, the availability of 
markets, and the temperament of the farmer-to cite a few examples 
-all have a bearing upon farm management and may have con-
siderable influence upon the success or failure of the farm operator. 
Even the few factors which have been named vary greatly from 
place to place and exist in a large number of different combinations. 
Considering these factors and the additional ones that influence 
farm operation, an immense number of different combinations of 
factors is possible, each one bringing with it a peculiar set of prob-
lems in farm management. For example, over the area of a single 
soil type where the natural resources remain essentially the same, 
there are many different kinds of farm enterprises with many 
different sets of problems. Some of these problems are common to 
all of the farms, but others are associated with particular groups, 
and still others are unique to each farm. If we consider all of the 
different kinds of farms superimposed upon those soil types, the 
enormous number of farm management questions that must arise 
and need to be answered is perfectly obvious, The nature of many 
of these questions is such that their solution would not be greatly 
aided by any kind of land classification. However, some types of 
land classification or interpretive information dealing with the use 
of land would be extremely helpful in handling those problems that 
concern the proportioning of labor and capital on land. Decisions as 
to the size of farm unit that is most desirable, . whether land should 
be used for pasture or for crop production, or the best crop rotation 
1Assistant Professor of Agronomy, Iowa State College, Ames, Iowa. 
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for a particular field are of the type that could' be made more intel-
ligently with the help of an adequate land classification. In general, 
a land classification which would be useful in answering such ques-
tions would consist of groups or classes defined so that each had a 
high degree of uniformity. Rather detailed classifications which take 
into account a large number of different land characteristics are 
therefore necessary in farm management when it deals with in-
dividual farms and fields. This point has already been made by 
Dean Hudelson, but it seems to deserve even further emphasis. 
Among the various types of classification discussed by Dean 
Hudelson, type-of-farming areas and broad rural land use groups 
have been considered. The usefulness of such classifications, par-
ticularly that of type-of-farming areas, has been indicated as the 
planning of research in farm management and as a general guide to 
farm managers. 
Type-of-farming areas represent regions in which there are high 
concentrations of certain farm enterprises as compared to other 
kinds. They are far from being homogeneous regions, either in 
physical features or in the types of farms present. For example, 
in the Southern Pasture Area1 in Iowa, the soils range from the 
deep, dark-colored Prairie types found on gently rolling uplands 
to shallow, originally forested types on the steeper slopes along 
stream valleys. Topography ranges from fl.at, table-like divides to 
the dissected, hilly regions bordering the major streams. Such varia-
tions occur within the area of a single township, and associated with 
them there are considerable changes in the types of farms. Factors 
other than the physical features which also affect the type of farm 
vary locally within a region such as the Southern Pasture Area of 
Iowa. A recent study of farms in different parts of Iowa has shown 
that there are large variations in the nature of the farms within 
a single type-of-farming area." Location of farms side by side in 
one type-of-farming area does not assure similarity in the farm 
enterprises or in the physical resources supporting the farm unit. 
Because of the variations in physical resources and in the kinds of 
farm enterprises within a type-of-farming area, such maps can only 
present a general picture of the region that might or might not apply 
to a particular farm. As Dean Hudelson suggests, they should be 
useful in planning farm management research and as a general guide 
to farm managers who operate over large areas, but it should be 
added that they are not applicable to specific farms. 
1Holmes, C. L. and Crickman, C. W. Types of farming in Iowa II. Iowa Agr. 
Exp. Sta. Bull. 374. 1938. 
•wncox, W. W. and Strand, N. V. Differences in Iowa farms and their significance 
in the planning of agricultural programs. Iowa Agr. Exp. Sta Res. Bull. 
260. 1939. 
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Importance of soil surveys in rural land classifications is stressed 
by Dean Hudelson together with the need for further interpretive 
materials to facilitate the use of the information made available by 
soil surveys. Information regarding the productive capacities of 
soil types and their adaptability for particular crops and systems of 
cropping are suggested as kinds of material that would be especially 
helpful. As a possible contribution to this type of information, 
Dean Hudelson points out the data available in the records of local 
units of the Agricultural Adjustment Administration. He also de-
scribes a procedure for converting the historical production of the 
various farm crops, where those crops are or can be fed to livestock, 
into one figure representing the average yield in feed units per acre 
and presents such data on a township basis for the state of Illinois. 
Further attempts to improve and increase this type of information 
are then urged. 
More information as to the agronomic relationships of soil types 
is certainly needed and would doubtless be extremely helpful in 
farm management work. Attempts are being made to improve such 
information at the present time in a number of different places and 
in a number of different ways. The modifications and improvements 
in the productivity ratings published in the federal soil survey 
reports have been discussed in one of the earlier papers at this con-
ference. Efforts to obtain more specific information on the produc-
tive capacities of individual soil types, both as an aid in setting up 
productivity ratings and in characterizing individual soils more 
accurately, are being made in a number of places.' A study of yields 
of corn in relation to soil types and soil ratings has been reported 
from the Illinois Agricultural Experiment Station.' Average yields 
of corn in farm fields in which the soil types were identified carefully 
were obtained from farm records kept over a period of years and 
were then related to the soil types and the management practices of 
those fields. Another study of the yields of corn, somewhat different 
in nature and objective, has been in progress in Iowa since 1936. The 
purpose of this study, which consists of obtaining sample yields of 
corn from farm fields, has primarily been to measure the influence 
of slope and depth of A horizon or surface soil on the yield of corn 
from a single soil type. Parallel studies have been and are being 
made on a number of different soil types, and the findings of the 
first two years of study are available in a research bulletin.' Investi-
gations of this latter nature, which involve the taking of sample 
'Simonson, Roy W and Englehorn, A. J. Methods of estimating the productive 
capacities of soils. Soil Science Society of America, Proc. 3:247-252. 
'Smith, G. D. and Smith, R. S. A study of crop yields by soil types and soil 
ratings. Soil Science Soc. America Proc. 4:375-377. 
"Murray, W. G.; Englehorn, A. J. and Griffin, R. A. Yield tests and land valuation. 
Iowa Agr. Exp. Sta. Res. Bull. 252. 1939. 
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yields in scattered fields, are costly but do give information that 
can be related directly to a specific soil condition. Studies of the 
relationship of yields in apple orchards to the productivity index for 
the soil type have been reported from California" These, and similar 
investigations, are designed primarily to obtain more specific agrono-
mic information regarding soil types and, as they are completed, 
should add to the interpretive materials that are so necessary if 
soil surveys are to contribute as much as possible to the classification 
of agricultural lands. This type of information can be and should be 
one of the major contributions of the investigations of the soil and 
agronomic scientists to land classification and farm management. 
•Storie, R. Earl. Effect of claypan on the growth and production of apples in 
California. Soil Science Society of America Proc. 3:317-322. 
